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In this paper, we summarized flow injection analysis systems for determination of urea in the alcohol

beverages. A lot of FIA methods based on the color-forming reactions without enzyme and detection of the

hydrolysate of urea with urease were reported. Most of these methods were categorized as spectrophotometry

(such as absorptiometry, fluorometry, luminometry), calorimetry, potentiometry and amperometry in combination

with gas diffusion devices. The systems for determination of urea in serum, urine, and so on were also described.
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LI o TERSND NS BInF LFHFEICZLDT
XS —EBBET & KIS W7 JRFBIEEREEREOFIH 2
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5-80 mg/ml[13]TH D L HJE SN TEY, JRFEREIBE
WE RO RNE D FE=F =T D0ERDH D, KRTIZ
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FEEEDUA VIZEENDIRFBOSHIEICEAL TiX
Francis [23], F£72. A THLHLERDT E=T D FIA
WL TiX, K, AKE8]DBRIAFERI N TN D,
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BREMWRWRIZOSHTTIETRS holE ST
Y, 1939 45, William Fearon 13 i E OREAFE TIZE
W C diketone & B SN IRFENOL LT, HEATET D
LB DA E WS LTz (Fig.1-(a)) , & 7. butane-2,3-dione
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Fig. 1 Reagents for spectrophotmetry for urea without enzyme.
(a) butane-2,3-dione, (b) butane-2,3-dione monoxime, (c) 1-
phenyl-1,2-propanedione-2-oxime.
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Almy & Ough %, 1-phenyl-1,2-propanedione-2-oxime 73K
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B3R 2 D 72 WIRFE O 4TI
butane-2,3-monoxime % 7= HFEL D b, Ough 50

[35-44],
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FOTUE=T L F DO TBALIRFEELEL D,

Urea + Hzo - 2 NH3 + C02

MR kRO D L7 —E bW HRD b D & RIS
HZ=y F VB LTWD, U L7 —BIFRFBICXT D
BEMETIFEVWLOD, T TR0 VA I VREIILD &
Lic, BEDOIWEMERB LT HZ L0, HERA A 72
LD EEREFESRTLE Z b RESNTND
[49,53,54],

U L7 — B DR pH X, MUEMRSR b EMBRO b O
HHPER BTV VRIS S 5[49]), —T7. BN O —
T C b 5 HWE I (Lactbacillus fermentum)?> & B L 7= B
L7 —BiE, FOE pH 28 2-4 12H 0, BEYET TRV
EHEEET D2 EBMBENTWA[SS], ZOMEEIE, Tv
A= VEBHI B EN TV D IRFZ Z DA TRICIBNT
PrRET DBICARIBRMEE TH Y (BT L7 —E A < F
MEND L D122 oTWD, EETIX, HIER RO
% Cd % Arthrobacter mobilis KDY L7 —E M,
H S[15]. LR D b DIzt~ 73— LAERD
RA IR 2 G ST WHRLEN D, Efii & 7eo T
L, WTHICE L, LT —ER L OREY LT —EIdR
FOFCHOWLN TN D, Fo, OB, FHTRER
E. ZOWEE (2=> M) ThD, FEEHRkOT LT —
B A KK 1000-5500 U/mg TH D DI L, FLERH kD
Fett o L7 —€ CIEK 350-450 U/mg ToH 5 [15],

L AT, FETHRD Y L7 — BT 2 BEAIOWF
FUTIE<ATONTEY | FHIT, BIEMOEFENE & FEFITEB
JBELED D 72 Z T 5 [49,53,56,57], BEE DSy BRIZ R
WTh, VA VHIZEENRTWDRFELRET B0
L0 L7 —EPOREDEOMERRINTND
[44], BetED L7 —RIE, FEEHRkO Y LT —EREE
ENB, BABLINTBICHERS S Z &R0 10% D=
H )= HIZBWTHIEMED 80%LL ERFFEN T D =
ERHEINTWSD[44], LaL, BEY LT —EOE

MELT, Vradm, g ererig, a-7 Mg
VR, EilE, Fx O&RA Ay, 7= =i,
LAREE[4413 5 B, 7 FUETHEA S FmA L LT
EHEIND 7 vt (Cryolite) IFEtEY L7 —E, UL
7 —¥ & HIZFET 5[58,59], Table.l (/R T LT, B
P L7 =PIy L7 —PICHART, TAX= 2 8L
DINDT X BRAFAE T CIRFBITHT D@HRES E L&
HE STV 5[60],

Table 1 Selectivity of OPA reagent and substrate
specificity of the acid urease and urease

Relative activity (%)

Contents in
OPA rice wine
Sample reagent Acid Urease  Urease (mM)
Urea - 100 100 0.2-0.5
NH,CI 100 - - 1-5
Ala - - 3.1 3.5
Arg - 10.6 1.9 2.2
Asn - 1.4 2.0 n.d.
Asp - 1.0 1.8 2.2
GIn 0.27 1.1 1.5 n.d.
Glu - - 2.2 2.9
Gly - - 5.1 3.9
His - 1.2 5.4 0.5
Ile - - 1.8 1.6
Leu 0.14 - 2.5 2.4
Lys - - n.d. 1.2
Phe - - 4.8 1.4
Ser - - n.d. 1.9
Thr 0.25 - n.d. 1.1
Tyr - - n.d. 1.3
Val - - 4.7 2.7
Pro - - n.d. 3.5
Met - n.d. n.d. 0.27
Trp - n.d. n.d. 0.049

-=notdetected; n.d.: nodata.

3.2 HXAFHEHBBEIVLT7T—EZHEAEDHE
T=REFDTH

T LT =P OMBIERIC L > TEKRT ST =T N
WHEFRBE KIS LE /) 70T I VAR L RNV TD
DE)7uTIET ) —ABMIGLTETSHA VK
Tz )= NVTN—OREEREST DL TT E=T
ZEBETLHETREI D oEINTND[61,62], 2D
=) —NVEFEHTOIRICTIEIEARTRLETH DL,
Muraki &, fliF, AKSIZED ., Y FEEEZHNDL
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RIEDBHE STV 5H[63-66], F7-. J. Gonzalez-Rodriguez
56711, ERROFIEZIRFZDOIITHEMA L T\ D, £
T —BRIRE IRBEETENERT DT V=T LA A
VETANIVRETT VBT ~ERL, KibEE 5, Z
DT =T VLRI O AR % %8 L SOGHE (3
UF N, = hr 7Ly ROIREHEREROEAE) (2RI
SN, V7Y =0 MBEEKT H2OT, EOWLEETH
% 647Tnm TOWNEEFHUT 22 LITh Y REDOEER
#17-o7- (Fig.2),
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Fig. 2 Schematic diagram of FIA system for urea
reported by Gonzalez-Rodriguez.
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Hi FIA 23145 LT\ 5[72,73], Narinesigh &1, [FFEIC o-
THELT AT K&V, FIA A7 ARICEELY VT
— BT LEEAN, REOFHUITHEM L TV 25[74], OPA
HELZAVDELXIF ANI T b ) — VAV 5E
BENZVD, HiliEEE Wb O[I510F A4 7Y a— Vg
AW b D[60,76-78]7% E b HE SN TWD, FRZ, F
FT7V a—NEERNDE AN T N Z ) — vk

TG A NREIE TR T2 b 00 BRI DA Y
A v R=MbEms & 0 RIFREEARTZ &6, FIA
CBWTRERBRE/DL LN TEDLEExOND,
INETOFER 7TrE=T 2R RICHRET 551k
ICRFEL LT b D TH o7, — KIS, IR TRETH D
TNAHIVEDTANT =T SN RN LIZER T
Bl BIROT AEHE L A EDED 2 EI2L Y, pH
FALERIEL T3, 7 e=T 2 HENICHET 5 2
ETREE 72 0 | R ARFRIECIMI T 2 2 L B FTRE & 72 D,
AKGIE, “EHEEHBEO T AT N AEBRBELTEY
[79,80]. & DA ALK IR 1.0 mm, FME 1.8 mm,
BB 2.0 um DEALE PTFE F=—7 2 HN T 5,
DT NA A% T pH ZABICHE S pH FERFED B a2
L2 WRSENEFHZ LRI L T\ 5, B2ERIEE LT, F
T— LT N—[19]°, 7 LY —/L L v R[80]Z HWTT
F=T OFHNEIT o TWD, EHEL R —DV AT L%
W, BHALYE T T 2 RlcEEET L — B AR EE L, B
i EFE— VT )N—L L7z FIA 2R, BAREFROR
FOSHTICHE A LT 5[81,82](Fig. 3-(a)), EEED HAIH
ZMET DI E2RBUTELS & HARBIZEENTNDT
VE=TNREICHET L BB L. A 4 B S
EHWENRMET =T OBRES]. BABEICEEND
T2 MBOFER], =X ) —LOWmEY LT —E~0%
HI81]. =& J — /LD AYLHUIEA~ D FRE[82] 70 & A7~
A B L, FEREO BARE O JRFEAFHAL, Fkit &
B LT ROV ATV 5 [82], F7z. OPA RIEAE HW =
FHF BT > TN 5H[60], OPA FRIENT L E=T &5
MINCRIETE D Z &b AL A L 72 TiT 5
7= ((Fig. 3-(b))23. T APEWIEE LR L2 R, /A4 X%
B C& MR OBEZ EF TRV RERLSFNTE S 2
LR ENT2[83], REDOFITIZ, BiE(vEES & RE
ERIGEEDT2DOF v V¥ —0 pH % B35 O pH 12
BOETHHEMEICTEL SO T v E=U 5 T
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pH [T 5 Z Lz v, ZfbiRFE %2 T AR TAERK S
FHZENFTREL RDBZEND, HAMED DD X+ U ¥
—MHEAMETED, LG RV AT A EHETE L L
91272 > 72 [83](Fig. 3-(c), & Z TOEMIKICITIBTB (7'
EFET—NTN—) BRI,

T APEEET 3 A ZNZFBN T A AR DN 2 &0 /)
ELT DI LRV B EED 0 ORERAZ RS
HZENAREE o T, FORR, T AEBBHROM L
EBIT, TAAL ZADWUMEB ATRE L 72 0 | DWW TITRUBHK
DFREFR/NRICE EHDHZLERTELHZLICHKEHRL,
BxTER2WBEIT o7z, FAPEBIKIZHAE 190 pm,
gh & 250 pm, H& K AL &R 1.0 um O % L E
poly-4-Methyl-1-pentene (K HAA > () 224 5)
Fa—T &M, SVEIZITEE T O PTFE 7 = — 7 [84]
HWIE 2— ARV Y B X 7 U —[851&mM Lz, %
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(a) pH 5.0 Vaste
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Buffer i Recorder
pH 12.0 ):
glhym‘ﬂ Waste
ue Gas-diffusion device UV/VIS Detector
b Carrier Acid urease column
( ) pH 5.0
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Buffer ] Recorder
pH 12.0 l;
OPA Waste
reagent
Fluorescent Detector
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. Acid urease column

(C) Carrier Recorder
pH 3.0

Bromo

Thymol
Blue

Injection valve
Waste

Gas-diffusion device UV/VIS

Detector

Waste
Acid urease column A

\ Recorder

(d) | o

Injection valve \
Bromo I Waste
Thymol
Blue UV/VIS
Gas-diffusion device\ Detector

Hollow fiber membrane

Fig. 3 Schematic diagram of FIA system for urea
with or without gas diffusion device.

AT AYERIEE RIS 2 2 L1210 BUBREIR O AR A 7T
KMz b L2127, EHEEZ LATO 100 pL
MH20uL EF LD EEBZENTE, 72, HA
JERT ANA ABRPUME SN Z LIk (BEFED T LOR
FOBMEDFRE L 20 T ) VAV AR T LETTA
Xy 7 U —WNITBA L., BEREE(LHEE L LT L7z,
OB IR TIEA L TER TE 2€ 2 U AL U 1 OENL
PEZAEN LT A E NEDORNCE ) VAV %
TR 52 EIlC k0 BERD T L& AL A — KMk
L72V AT BAEREEE L BREHR O AR & i R IRIC 3 5
Z LITH L 7-[86-88] (Fig. 3-(d), Fig. 4),

Fig. 4 Schematic diagram of the gas-diffusion device

A)BTB (pH 7.6, 0.05 mM, 0.2 mL/min) solution, B) hollow fiber membrane, C)
Carrier and injected sample solution, D) Immobilized histidine decarboxylase onto
novelsilica monolith, E) Waste, F) Detector, G) Silica capillary, H) Gas diffusion
area.

PA IR AT E 723 BRSNS (L FHRIT L D%
HufThbnTnwg, YL7—8, ZAF I UigdF 21—
¥, VLA R - o S FEOBFE L EE L, RER
MCEH L TWD, 22T v b7 —BICE Ak T 2
TUERZUAL I L a-AF Y TV FVEE NADPH &R
BB INEI VBT E Re S —EEREHsE 52 LI
KO ITNY I VERE RS, ED TN I VR TV
ZIVEBAF A —BIC LIk L, ARk DEER bk E
NI )NV ERINSE LB ARD Z LRV 4mM
DRI ORI % FTHEIC LTV 2 [89],

3.3 AR UAR)—ZAW=REOSH
Hu ) AN —ZEEDNWEESRE 1, B O filt
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BUOSIZ & 0 AT 2 BB b2 3T 2 720 IEX G %
TR PICENIT 2 2 EXNFTRETH VD D TULHI S
ETH D, £DH, REOFHUNIIB DT HELERE N2
SN TWD, Satoh B, WMDY LT —E & AW EES

W AT I (BER— I AKX —) ZHEEE L 7=(Fig. 5). 50 uM
OREFETEHMMT D& E2rHRRE L0, E7.

Danielsson b1, UNREER Y —I 22 —%B%, 1pL ©
BTV (MHEERED 205 200 pM OFREEE ¢ GHITFIR)
A cELZ L ERELTVDO1], £, Fha—A,
JR#E, N=2 VG OY—T Ty AHTISIA)E B e
UARY—IZE 0T ) HiEbHE SN TWVWD[92],

Fig. 5 Schematic drawing ofthe calorimetric
FIA system for urea.

1) Carrier reservoir, 2) Double-Plunger pump (flow
rate 1.0 ml/min), 3) Pulse damper, 4) Rotary injection
valve, 5) Thermostated aluminum cylinder, 6) heat
exchanger, 7) acid urease column (0.5 ml), 8)
temperature probe, 9) DC-type Wheatstone bridge
with a chopper-stabilized operational amplifier, 10)
Penrecorder, 11) Waste.

3.4 BRIFEHRZERAVLRRDFIA

LT —BICEVAERBLIOET T E=T LA
FURENM, pH (HIRE) 7 Ea2FHIIT 2 FiEL R »
LB SN TR, AV K7/ — AT N—{E LR T
Ruzicka 52 L D #HE ST 5[93], J. Ruzicka B, F
YIY U LT7T =B A Y= a7 ED
RFEEEA L, pH A HENIZ VT Z OETRISE X
DIMEFRORFED FIA VAT 2EBFELTVWS, ZHIC

%t LT, R. Koncki &1, pH ##iz% PVC (polyvinyl chloride)
X° cellulose trinitrate JE CHE->C Y L7 —EBZEE(L L, &
FOERBEIT-12[94], #ich pH ZB{bEfREIc L=b o
LLT, pHEMLEICKRY 7=V v —F7 4 A EEEE
R L. DL AVZ AT LT e REBIEICL YD L
7T —EEEEL L TIRFED FIA IZEH L7ZH0[95], v
AT N—% S — KRB EICEREA LT VLR
B, U LT —E LA EDE TRBOFHIEIT ST H D
[96)7¢ & NG I TV D,

ZOFRIZ pH OEALEARIZIC T B FIENRL N, WHIZ,
BEESOC & D pH OZ&(L%E, BIOWEK TY ¥ U v —%%E
fRL, AUk HICX VI BT (hfsEd) Z&ick
D CEMRIZE LB D T ' =T OPRE & BRI
PO L. JRFEOEREEZITD pH AF v MENRE I Lz
[97-102], Z Z CTORHIE, ISFET(lon Sensitive Field Effect
Transistor; A A4 EUGHEESNRI F 7 0 U2 & —) &k
R VAT->THRY A F v FBRETT — MRE LA -T2
FET CZEBB L C& oA AL PRETHZ LICE-T
BNBIEET DT, ZORMBA 2 L. FHH L TV
%, ELICEMT HT-ODBNVDEEICF 7 4 F L HER
LCEYEFMADITON[103-106], MESNTND
[107](Fig. 6).

Counter electrode

Electrolytic line

>
Carrier
| — ﬂ

Reference

Nafion / Generation electrode
membrane Electrolytic cell electrode
Sampleinjection line H

!

ren}——( — o,

Injection valve for
urea solution

(ISFET)

Recorder

Fig. 6 Schematic drowing of the pH-stat FIA amperometric
sensing system with the ISFET as a pH detector

KB, ZINETHN L CELETFEOEE L0 FE
LT Table 2 127”7,
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Table 2 Summary of the FIA systems and the detection limits for urea

Method Gas duffusion device Detection limit / mM Reference

Methods involving non-enzymatic colour-forming reactions

Spectrophotometry based on a reaction with acidic solution of

diacetyl monoxime in boiling water w/o 0.017 [30]
Spectrophotometry basisd' ona rea.ctior'l Witl:l 'an acid solution of W/O 0.017 [34]
1-phenyl-1,2-propanedioine-2-oxime in boiling water

Chemiluminometry based on a reaction between urea and W/O 0.0005 [47]

hypobromite in alkaline solution

Methods based on enzyme catalysed hydrolysis

Spectrophotometry with use of indophenol blue method w 0.015 [67]
Fluorometry with use of OPA reagent w 1.7 [74]
Fluorometry with use of OPA reagent containing sodium sulfite W/O 1 [75]
Fluorometry with use of OPA reagent containing thioglycolate W/O 0.008 [60]
Spectrophotometry with use of thymolblue as a coloring W 0.008 81.82]
reagent.
Spectrophotometry with use of bromothymol blue as a coloring
reagent to detect CO,. w 0.008 [83]
Spectrophotometry with use of bromothymol blue as a w 0.01 [84]
coloring reagent to detect CO,. (microfluidic gas diffusion unit) '
Spectrophotometry with fb thymol bl lori

pectrophotometry with use of bromothymol blue as a coloring (acid urease integrated into a 0.001 [86]

reagent to detect CO,. . . e .
g 2 microfluidic gas diffusion unit)

Chemiluminometry based on detection of luminol with use of

. W/O 35 89
three-enzyme coupled reaction (891
Calorimetry W/O 0.05 [90]
Calorimetry (miniaturized system) W/O 0.2 [91]
Detection with use of pH electrodes W/O 4 [93]
D i ith f pH elect hich
! etectl.oTl with use of pH electrodes on which urease was W/O 01 [94]
immobilized
Amperomet'ry base'd. on polyaniline-Nafion membrane on which W/O 0.0005 (95]
urease was immobilized
Amperometry based on a pH-stat method W/O 0.1 [102]
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