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VA=A AF Y F -+ (GOD) VT 75— hWEICHIAR, EWEHOERL LBEILKTEZ
Ti-TPyP RIEICLVBAIE L. BRI T 79— ~OREAENSVTICE>TYOBAT, 3HD 2§
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THbH. ZIT, NMKSHEEEFR, GOD RUBEIKER
DERERETH 5 Ti-TPyP A AEDE L IV
I—R, A7U0—X, TNV —ARGT 7 b—2DH#ES
FIA #E%U 1.

Ti-TPyP &334 F v (5,10,15,20-7 + T-4-) ¥ ju-
FNT 49 v)F 5 v (IV)EEER {TiO (tpypH,)* T OFE
HARBRTH O, BREKFEERIGL, vt ¥ VEEk
{TiO, (tpypH, )"} ZAB L TRt T 59, EH 53K
AEEZ OV D SRR 2 BRE LK D FIA #BELIClE L
. COWEKIC, 3SBOBOMKDBERZR O SV
a—ADHALERZEEN LA T 4 (BER) T2
F—) 2MHRAS, ERUZBEBLKEZAELT 4
MOEEZERL.

2 B

2+1 W E

Ti-TPyP 3 (30 uM): * F vV (5,10,15,20-7 b T -4-
Y INW-RBN7 4 Y)F 52 (1V) (FER(ERTT ¥
) 20mg % 5M &R 2 ml ICIAMRL, 1.0 M Wil % by
A TAE 1000ml & U7,

N3 — AEHEEIK (10.0mM): p-7 Va2 — 2 (4%
W, FIOEAEERL) 1.802g 2B KICARL, 28 100
ml & U7z,

A 70— AJEHERIE (100 mM): A7 0 — 2 ($5R,
FEAZESY) 3,423 ¢ #ZHAKICAMRL, 28 100ml &
L.

<) b — ZAEHEYSTE (10.0 mM):
FIEHIZREY) 3.603 ¢ & HH/KIC
L. ‘

77 b — AEHERK (100 mM): 77 hwx (iR,
HEMiZREL) 3.603 8 T ABAKICHERL, 28 100ml &
Uiz,

RN T LERFOBRIARE LT, 7 Va—24F
Y-t (E.C.1.1.24, Y7 <8) 1324000 %, B-7
707 hY ¥ =¥ (EC3.2123, N—1J v H—<w/n4
LB) 133000 %2, v V¥ —+¥ (E.C32120, ¥ 7=
B) X 300U% 0.1 M ) Y EEE K (pH 7.0) 2ml (2
FNENEMR L CTHELL 2.

B-7NU Ny VRO LTS —VESHEELD T
LEELTE, B-T7 VT Y Y —¥ (E.C.3.2.1.26, N—
Vo =< v N A8y RO ALYTI—F
(E.C5.183, N—=Y vy H—<wrv4f L) #h&Fh
3000 U KO 2500U % 0.1 M Y ~ &R (pH 7.0) 2
ml [ZVAME L THOL .

TNVIA=ZFAFVF—¥, AdU¥—EROH T T —

< Ik =2 (55K,
AL, &% 100ml &
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+ (E.C.I.11.1.6, ¥ 7 <#) BRAEBEEH T LESIC
3, SERZNZFN 2400U, 25000 KT 25000 U #
0.IM YV YEEHEEKR (pH 7.0) 2ml KAWL THL
1.

TAIANVE VA F V5V —F¥RKIET Aa)VE VA
FYF—¥ (EC1.1.24, ¥ 7 <8) 2400U % 0.1 M
U v EAEER (pH 7.0) 2 ml ICIARE L 72,

TWINT VT NIEK (2.5%): 25% JIVF VT
T FER (—#, FOEHESR) 1ml %2 01M Y VB8
@ (pH 7.0) 10 ml ICIARL /2.
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FEAH T LE, LECBRBHEZMWOT, van Zoonen 5D
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TI/7708MEbULIZEAMT T AE-X 01g i
25% JIWF VT IVTe NIER 5ml 22T, BET
SRV IEE /2%, BEREET 1 KERVEL L.
KE 02M ) v EMEEIR (pH 7.0) THEE L 121&,
KA DRERER 2ml ZiI0A, KEUEPSRET 1 B
RV A 72, I 4°C 1 12 R - 7282, 02M )
VEBEERTHEEL, FY )Y —BRPICHRE L. B
FEEELLETIAC—-X%F 709y Fa—7 (N
A—AYT7 75 —Tid3em £&, R70—-X, TN
F—AROCZ 7 b—A)T 27 —Cld9cm £33, 1 mm
NR) KRTALTEBERY T2 9 —-E U1
TNA—AREVT I —1E, FNVaA—2FFT5—
Y, AU —E¥ROHI 7%, XT7AA)NVE
frEVT 75 —1%, TAINEVEBEAFII—-¥E
Matsumoto H D HEIZ LV IRD & H ICHEE(L U THFSY
U7z?. CNBr &Mkt 7 70— 4B0.2g % 1 mM 5
B2 10 B L%, 00 M ) ¥ EESEE K (pH 7.0)
THET S, IVI—AFF ¥ —¥, L0y —+F¥K
UAhE 5 —CDOREBK, HHVETAINE VEEXF
VY —CRKREMAT, 4°C T 24 BREKGS . B
SHNEEERERE SNV - ABEI T 75 —Tik 7
ecm K&, TRAINVEVEERE)T /5 —CTld 5em &
X (2mmid.) T 70 v Fa—-TIWHETALT, %
NEhBERYT 75— L1

23 EBRUBIEE

B2 X ARS8 UV-970 RIS 6ERH %2, K
T3 X X TE® DMX-2000 FIA HS 7V T 5 vy
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1/mi E: E 4 F — (FLEE 0.45um) TIB L7z b 0 % BBHARK &
ml/min 2
[0.4] ’ LTEALL.
R, 0.4
3 MRBROEBE
R, 04 3.1 EERHAORE
: L Thermostat bath 3+1-1 Ti-TPyP R L3RBT Ti-TPyP
Pump 75°C AL, LOM BifF T, KRG LD IT A FY

Fig. 1 Flow diagram of the FIA system for sugar
determination using immobilized enzyme reactors

R,: pH 6.6, 0.05 M phosphate buffer containing 1
mM MgCly; Ry: 30uM Ti-TPyP reagent; E;:
eliminating reactor (glucose oxidase,
catalase); E,: sucrose (B-fructosidase,
mutarotase); Es: maltose reactor (maltase); E,:
lactose reactor (B-galactosidase); Es: glucose reac-
tor (glucose oxidase); Vi, Vy: switching valve; S:
sample loop (20 pl); mixing coil: 15 m long, 0.5 mm
id.

glucose
reactor

FA Y8125, NNTIWEA=IS—1TF Iy 7 VT
%, BBENE0Smm OF 70y Fa—T7 20T,
FIA Y AT A3 Fig. 1 WART X2 2 lsREL
fz. ¥ UY—BKELT005M ) vEEEHIK (pH
6.6) %, AFEAWE LT 30uM Ti-TPyP R¥E2 2 h 2
N 04ml/min ODFETER LI, TNV IA—-ZADEET
3, Fy UV —BBRPICEAS A EREKR (20u)
BINVT Vy OGO EBEZT, ZVaAa—AYT 78—
(Es) 2B x 1. #OICEBP 7 IV — 3@k
Sh BB bkFEEER L. X, AZ7O—X, <)V
F—2ARU T 7 h—AREBTHHEICE, b0
WVIA—ADREMICIEOREEZ 26T Y, HHMU
BNNVT VI E-> TR IVI—-ABRE)VT 75—
~NVEZT, REBAEFO 7V a— 22585 L
fz. ST Vil kT NVa— A EBROWIBEKRE, £
NENRIERG &2 HMEDNKSE) T 27 5 —IZR L,
REAKS 2 A Bo- 7V a— AIIEBmU . R
Utz B-o-ZNVa—A%&ESTNVaA—AYT 245 — (E;) TH
fLUBEBEbARE Ute, @RLKFIZIFY v 7o
(15m, 75°C) H T Ti-TPyP AFE & KIE UL, ER LUK
TiO, (tpypH,)* " SERDOBGE (450 nm) 2 ¥ — 7@ &
ELUTHHUL .

2+4 REOFTQE
REOTHHREFZABE LT, BEBEZATEL
7z, ERLEEEAER (50~1000 %) L, A V7507

PR LT 5.
TiO (tpypH,)** +Hy0, — TiO,(tpypHy)* " +H,0

ZOFAED 1.0 M FiEE KA L 450 nm 1 BIRRK 2 £
5, ZOWRNEILEBIKRREICHA T 2. BIVEE
B8 (e) 13X 1.IX10°M 'em ™' THY, K74V
BAICHE T B RE fEAETRL, B LKROSREE
BEAREICT 5. X, ARBEBRISEEERERRISTH S
o, BIEETUHDERFORELZZTHOMEYH
0, BRMPERESEEOSHISELTWVS. L2,
AEEERISERRICERE AR RNZ VDT, RICIEHED 72
I, KETE7a by (LOM Bl BRPTRIGZ
b, RIGaA4IVE 75°C Iig L 727,

3e1+2 BEERK 3HOTEEIEIFNEFIhORE
DT U8 —I1k>T B-n-7Na—AIZERL, RWT
GOD )77 ¥—-NTEBRILUBBLKkESE L <
F=ZRBTN =AY T7F—=I2&0 an-7VIT—A
E Bp-TNaA—=AIH@BL, 7 b—RAWEFT bP—2R
VT 77 —i2k0 Bo-FNa—RAEHNT I b= RIZE
BalLtz, XA70—RAEB-TNVI7 Y F—FXITED a-
p-ZNA—AET NI b—AEIHEL T, GOD i
B-0-ZNA—=ADHINEHTHDT, LTI —FITEL
ST an-ZNVa—2% BIEAEREN L. Lo T,
B-TN7 by F—¥Ersusd—EEHIEDET, A
JU—AYT =& U, o OBRKIGKEZKRIC
N~

Maltose reactor:

maltase

Maltose +H,0 a-p-glucose+ f3-p-glucose

Lactose reactor:

B-galactosidase

Lactose + H,O -p-glucose +p-fructose

Sucrose reactor:

B-fructosidase

Sucrose + H,O

mutarotase

a-p-glucose +p-galactose

a-p-glucose B-p-glucose

Glucose reactor:
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Peak height /cm

Fig, 2 Effect of pH of carrier solution on peak
height

[J: sucrose by sucrose reactor; @: maltose by mal-
tose reactor; <>: lactose by lactose reactor; A:
glucose by glucose reactor. Concentration of sugar

solution: 1.00X107° M

glucose oxidase
-p-gluconic acid

+H,0,

B-p-glucose + 0, +H,O

3+1-3 FIA ROF/E —WICHREIETILT S
CERKOEESEL, RICOEERME LBEROBE
LRSS 22T, BERN T LOMEICHT 5 F v
VX —I8RD pH OREBEER . AT, KEM
ROBEROED S, LOMEEL FIA ZRHAEENS.
LT, BRIVT /75 -TEXF v IV —ARER AT
&, 1 B0 pH EERAZHWA L L L, 20 pH A
BMERIGICRETHEERI L. Fig. 2 1SR4 &5
Wy, AZU—=ARGTN =R T 27 ¥—133IZ pH 6
ETRRDEEAERL, 7 h—=2)T 275 —Tid
pH 75 R CRA Y -7 B> N2, X, 7L a—
AYT 7Y =4 pH 5.2~8.6 OHPE T, 12T ED K —
IR oNT. 0T, Fr )Y Bk, TRTOR
FRUT 78 =PRSS s EE RS pH 6.6 D 0.05
MY VEEEERAHVWAIEE LI, 7 h—2YT
7Y —ICEEMINT B-FF 7 by F—Fix, RIKE
BAHUZ Mgt DFEL B VWA ITIE, 2 OiEM IR
BN ZBICEAD T2, 22T, B-H57 by y—
Y OWEMEZ RO fo 0 ICh B s Mg®™ RIS 2185 L 7.
Fy )Y —BERPICRIME N Mg2t BED, B-H S
7 Ny —-EiEE, bbb BRLKEEREIC KT
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Fig. 3 Effect of MgCl, concentration on -

galactosidase activity, i.e., peak height of lactose
Concentration of lactose: 1.00X10™* M

FEB% Fig. 3ITRT. 05mM Ll ok~ 72y
LABREFBEICBWTIE, Y—rEx 38t~ 23y A
WAKERDZNDM 4 FO—EfER -1, -7,
Fr )V —ARIZEZEE< A Y9 45% ImM &L D
EOIZEmmMUI., RAOBEV T /9 —DEIHE—2
B3 AREERELE (Fig. 4). V77 5—n
Y EHEMARICHENEL 50, BERISESKT
Uz, X, ROWIEERFENIGRIIE 8505, BB
BOIHIZE—7IFIZAN Y, -7 &30 %<
EEHITHEARERY 2 0 ICHIE T X AR L
fz. 22T, E—IFHIPRAPO—EELLEHITA
JU—X, TN —=ARCETFZIT =AY T 75— 9
cm B&XIZ, X, S VWI—=2A)T 7~ 3cm ICED
fz. adk, BENRY T2 5 —oAtEiz>nTiE, <
=27 785 —Tix28M, A/7u—-2RVF 7
=AY TIF—TIE 1A, 2LTTNVa—XYT
79 —I2NTW 6 AL LOFEHENAIRETH - 1.
LI b0 &MBETORER, Fig. 1 12”83 FIA RAMEHEL
A

3.2 KREBRRUBE

KIEIT & > TR SN EBFE R ORI # Table 1 12
RF. 73— AT 0.5~500uM  (10~10000
pmol/test), A7 U—R, W)V b—ARVF I h—AT
& 1~1000 uM  (20~20000 pmol/test) O &5 B 12 3 1O
T, WIENHLRVERYE (r=0999) KB LN —f
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Fig. 4 Effect of enzyme reactor length on peak height of sugars
(A): sucrose reactor; (B): maltose reactor; (C): lactose reactor. Concentration of sugar
solutions: 1.00X10™*M
Table 1 Linear range and accuracy for the deter- €
mination of glusose, sacrose, maltose and
lactose
. d
Lmearl\glangc/ Correlation RSD. % Absorbance 0.013
pmol/test coefficient (100 uM, n=10)
Gl 037300 g0 0.74 )
1eose  "10~10000 ' " f
S S L 0.999 0.75
ucrose 20=20000 . . b
Mal S 1000 99 0.49
altose 20— 20000 0.9 .
L L 0.999 0.84
actose 90~20000 . . a

EULT, RKBEIZE->TEHBNLT IV — ABRIRKD
FIA ¥ 7} V% Fig. 5 1Z/R3. X, 100uM ER¥EEK %
B 7z & & 08 0 UERRIC & 5 HXHEHERZE (n=10)
i, 4 BOBOTNIZBNTH 1% UTTHY, KED
BOEFEMESRE NI (Table 1).

3.3 HEVHEOZE

EERBAOIGHICEL S, BRFICTEENFEI N
HIEMEIIOWTHEM DO ELRE L. 7V
A= 2RV RAZT—ZDONTDRER% Table 2 12, <
WE—=2ARG T b= ZADEE%E Table 3 IZZ NE NN
. 4 EOBEOTICBVLTY, Na¥, K*, Ca®t 7z
EDEEEA & v IIEEED 100 £ L, X, EFEE, V)
VIR, 7TVBEEAEEHOEEAENERED 100
U toEFETCHLMEMICEEEZG X o2, UL
L, P —ZADERBICBVTZEOD 1/10 BED DX

10 min

Fig. 5 Typical FIA signals for standard solution of
glucose

Glucose concentration (uWM): a, 20; b, 40; ¢, 60; d,
80; e, 100

sua—ZA0HMEE, PAorIcFOEEEZL S5 L. &
niE, vy —-FYOREREEFZLVIBDIZ, A7
O— 2L THE 35% DEETRIGL. £2T,
FEREBOTIV N —AEBIIBOTIE, TV =AY T
7y RIS A 70— ZAEEREETEAL, Bohik
—or@ESn b7 a—ADKRIGEERD . £ OfE»
SEBHICHFELTVAAZ O - A L>THUBHE—
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Table 2 Effect of foreign substances on the determination of glucose and sucrose

Glucose Sucrose
Substance

Conc. added Glucose found, Conc. added Sucrose found,

in sample/M %! in sample/M %'
NaCl 5.0X107"! 101.6 5.0X1072 96.3
KCl 5.0X 107! 100.0 5.0X1072 96.4
MgCl, 5.0X107" 101.4 50X1072 99.0
CaCl, 5.0X107! 101.0 1.0X107? 99.0
FeCl, 1.0X1073 99.2 1.0x1073 96.7
Sucrose 1.0X1072 98.9 — —
Maltose 5.0X107* 100.5 1.0X1072 95.8
Lactose 1.0X1072 101.4 5.0X1072 104.3
Fructose 1.0X1072 101.1 5.0X1072 96.4
Acetic acid 5.0X1072 96.4 5.0X 1072 98.6
Malic acid 5.0X 1072 102.4 5.0X10? 99.0
Citric acid 1.0X1072 101.4 5.0X1072 97.7
Formic acid 5.0X1072 104.6 50%X1072 99.8
Tartaric acid 25X 102 103.6 5.0X1072 102.7
Malonic acid 5.0X 1072 100.4 5.0X 1072 100.0
Ascorbic acid 1.0X107° 102.1 1.0X107° 101.8
Ribofravin 1.0X1077° 95.2 1.0X107° 101.4

t Glucose added: 1.00X107* M; 1 Sucrose adeed: 1.00X10™* M

Table 3 Effect of foreign substances on the determination of maltose and lactose

Maltose Lactose
Substance

Conc. added Maltose found, Conc. added Lactose found,

in sample/M %" in sample/M %1t
NaCl 5.0X1072 98.2 5.0X1072 99.7
KCl 5.0X1072 99.4 5.0X1072 100.8
MgCl, 5.0X107? 103.5 — —
CaCl, 1.0X1072 96.5 1.0X1072 103.2
FeCl; 1.0x1073 96.7 1.0x107* 97.3
Sucrose 1.0X107° 102.2 1.0X107* 99.2
Maltose — — 1.0x107* 104.2
Lactose 5.0X1072 103.5 - —
Fructose 5.0X107?2 102.9 1.0X1073 101.4
Acetic acid 5.0X1072 101.1 5.0X102 97.4
Malic acid 5.0%X1072 105.0 5.0X1072 97.5
Citric acid 50X107? 105.0 5.0X1072 101.7
Formic acid 5.0X1072 102.5 5.0X1072 101.2
Tartaric acid 2.5X1072 103.8 1.0X 1072 99.3
Malonic acid 5.0X1072 100.9 5.0X107? 97.6
Ascorbic acid 1.0X107° 102.7 5.0X107° 95.7
Ribofravin 1.0X107° 101.2 1.0X107° 102.9

t Maltose added: 1.00X107* M; t1 Lactose adeed: 1.00X107*M

rEESERD, COEETIV M- RBIE@>HELUE] EAoN, ATU—-AEBNSTNV D 0 HBUTT
WTHIELTZ. ZOBE, ¥R TORIZ7O—ADKIE $55 513, KECE->CEFEOSVWENEINS.
KEKRDTRHIELTWADT, FOMEEIX0.5% LLTFE TAaANE VI, HH5BOLBEAEIC IV
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Table 4 Glucose, sucrose, maltose and lactose con-
centrations in milk, drinks, and alcoholic

beverages
Found(g/100g™")
Sample ‘
Glucose Sucrose Maltose Lactose
' g‘r‘;';m 0.00785 0.00243 N.D. 5.40
1.44 0589  0.137 46.1
powdcr. ]
L{;‘C‘Oba”l“ 0.645  7.56 0.93 3.75
everage 1
Lactobacilli 4 90 6.33 1.62 9.40
everage 2
“ﬁ”ky 3.62 2.88 0.749 3.71
everage -
Soft drink 1.30 0.100  0.0548 N.D.
Fruit juice - 2.3 1.73 0.0951 N.D.
Malt tea 000371 N.D. 000667 N.D.
Wine 0818 ND. N.D. N.D
Sake 1.42 ND.  0.0883 N.D.
Beer 1 00133 N.D 0.195 N.D.
Beer 2 0.00775 N.D 0.171 N.D.

n, MBILKZREAERTZ2 LMo T0EY,
Ti-TPyP S38 3, SEICHE O TREBLKRERK IS %

BT 20T, EEEICT ANV VBASTRB T

BEMICEORELLZH L. 22T, TLATLE
UTTAANE VEBAF VS —FREIEILD T LEHRE
U, 20#BxRELL. VKR7 78V ERETOEE
HFEHIT A1 <, AEE T IR IC 50~1000 AR T
50T, BIEKOY A7 7 VBENS 1X107°M DLk
KBAHZEEENTHS. {->T, BICRERIEOLE
BrenwEEXLND.

34 EEHABANDICH

AFEIC & - T, 45, ABEKE, EFHEaE 8
BOmRER, RO 4BEOTIV - VERHRICEEN
HEEEEE ZAE L. 08 % Table 4 IZ/RY. 16
HRICE TN ABEEEIL 0lppm £ —F—F T, i
S ICEBURETH - 1. X, FhEhoaEh, 7
VI—RA, AZUO—RA, TV —ARVOTT b—ADEE
BRI Z S 4 100uM BEE L2 KD IRMLIzEED
(G % K 7. ;
BT, WIFNRDOBEDL 95~105% O HiEH D [ UK H
Boh, KEOEHEESEZ I NI, 55 Table 4 BT
5 DEBMEE RO I, 4 BOFEDELRAIEDOY-1S
HTHD, 2OELODEFEKRBHOEABIZBNT 3%
UHRTH- 1.

Aikid, BEEICHU TREIVCER L GRELKRZ
ERT HBRKXISE, BRELKEDOEBERE Ti-T-
PyP HE 2 A EDEI FIA THO, NSV TOYNE

Table 5 IZ/RT LHIZ, =, ZDfl%E.

B, BER, & 75 v (IV)-RKu7 4 U U EREREZRHO S BRSO FIA 361

Table 5 Recovery of added glucose, sucrose, mal-
tose and lactose in samples

Recovery, %

Sample
Glucose® Sucrose™ Maltose® Lactose?
Milk 1029 99.6 — 973
99.7 100.4 95.1 102.6
powder
Lactobacilli -
beverage 1 97.7 105.1 101.2 100.6
Lactobacill 951 1019 1035  107.6
everage 2
Soft drink 103.8 102.8 95.3 —
Fruit juice 96.2 100.7 95.2 —
Malt tea 99.0 — 99.5 —
Wine 97.5 — — —
Sake 102.3 — 98.5 —
Beer 1 99.2 — 106.9 -
Beer 2 98.2 — 108.7 —

Concentration of sugars added: a) 1.00X10™* M;
b) 1.00X107*M; c) 1.00X107*M; d) 1.00X10™*
M
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Flow injection analysis for sugars in foods using Titanium(IV)-porphyrin reagent.
Yuta Yokor™, Chiyo Marsusara™* and Kiyoko Takamura™ (*School of Pharmacy,
Tokyo University of Pharmacy and Life Science, 1432-1, Horinouchi, Hachioji-shi, Tokyo
192-03; **School of Life Science, Tokyo University of Pharmacy and Life Science,
1432-1, Horinouchi, Hachioji-shi, Tokyo 192-03)

A rapid and sensitive flow injection analysis (FIA) with spectrophotometric detection
by a titanium(IV)-porphyrin reagent was examined for the continuous determination of
glucose, sucrose, maltose and lactose in foods using immobilized enzyme reactors to yield
hydrogen peroxide. A sample solution is carried by valve to three hydrolysis enzyme
reactors in the flow system. The reagent is an aqueous solution of oxo[5,10,15,20-
tetra(4-pyridyl) porphyrinato] titanium(IV), TiO(tpypH4)4+, which reacts with hydrogen
peroxide to form a monoperoxo complex, TiOy(tpypH,4)*", having an absorption peak at
450 nm. The hydrogen peroxide produced from each sugar was determined by combin-
ing the reactions with glucose oxidase (GOD) and hydrolytic enzyme reactors correspond-
ing to each sugar. Linear relations were observed between the peak heights and sugar
concentrations in samples containing 0.5~500 uM (10~ 10000 pmol/test) glucose, and
1 ~1000 uM (20 ~20000 pmol/test) sucrose, maltose and lactose. The relative standard
deviations for ten replicate determinations of glucose, sucrose, maltose and lactose were
0.74, 0.75, 0.84 and 0.49%, respectively, for each standard solution of 100 uM. The
method permitted analysis of 20 kinds of sugar in samples per hour. This method was
applied to determining these four sugars in foods such as milk, soft drinks and wine with
satisfactory results.

(Received December 15, 1994)
(Accepted January 24, 1995)

Keyword phrases

Ti(IV)-porphyrin reagent; determination of glucose, sucrose, maltose and lactose; im-
mobilized enzyme reactors; flow injection analysis; hydrogen peroxide.

NI | -El ectronic Library Service



