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F22 (IV)-4-2-EVY T I)-LINS /—INEREKICL S
#FLULWBEARILKFEOWRNAEERE

R Fz2@®,

LR

RRPDOBE{ILKEOER—

BT

(1980 4 4 H 30 §2Mm)

Fx2v(AV) L 4-2-v v Ior7V)-vv iy —n (PAR) roRE&EMK (Ti-PAR i) #E6
RELTOIMBBRBILKED BRALEEREEE2 LW L. Ti-PAR Rz@mBE{bKkEC mxs s,

PAR Lol {bkEz &7 2 v AV) K (Amax 508 nm) Z AR L,

* DB BRIk ED

REICH BT 5. [PAR]/[Ti(IV)I<1, pH7.5~12 &t TTHFBAEHFE ¢=3.6X100M-1 cm~1?

ZRL,

BERILKROIRE 1X10-°M = CERWARE (X8R 2.0% LT) T - 7.

AR 3 A

BA AV ROCEBILAM R B4 O RXTEHEOEEL2ZTHVWOT, SRASICEA LG ANLEL
FEAESEL LAEVWAEEDS. KERIVEL, DAELREAERCENINCBBRIEKEOEEEL R
Hizk 5, 0.3ppm ZETCEREMBARTH -7, X, RBPCERRAPEEBTILAKy PFRALT
3, »FFCOFEE 2ppm FTHIRIC X 2BHERTRETH - 2.

U

BB O TR oM E E, LTORIGIIERK
ETHEWEOFEYZTE O &, £ UTEFVIES
BETHBZEXRE TR T 5.

BICKRIFEA N EREELHE T DT, /RKE
R B, SEDAELEEAORMICRED B ILE
A¥EMETI2RLEME E LT, XAMEENORHE
BELTERIRTE . L LTS5, Bk
DFEPAMELRGE SR TEREIESRBEI NS,
OF R BEREEMCET Lt C & & FHER
BOLREDELT WA, o TEDOBATIL, HER
BILKEREZBE, EET5D0OMME TRRELOITE
NZHhETIDSERINRDLTHAS. kK, AR
HINE BB b ARROBRE, EEBEE LU, #HER
Bak gy, WmABRERH? £ LTEABETRONTEY
DWFTFHIEE TS, avRFELIDEEKEL, 74
vAV) BB TR F T A (V) =G F Vv EEEER
XA BRBENEHR SATWES., LhLIhboHik
i, BREDVCEIHFEYOREOMT, MEERRILKE
DERLRELTHRBR IS DO Tik7ey. X,
BN EBEEROANVAR—F v 57 4 —1C L 5HERK

* REERARE  HEHAETTEZA 1432-1

|l

EANEY SHEIR TS, BERAEYERIND
BB~ DOIEHOHELT L HY Tl

BEww#E#E 51z, Ti-PAR RE2 HEBRILKREER
DD ORKHWTAIEE LTHERLZ &% BV L.
AL BERO ZERECERL TR BIFLd fiETH
5. FTARITIE, Ti-PAR e o WCHEHS&H
DRI ZTO L &bie, KERDER, HAERK
OBk & DR RICEHIN S 7o BB bk ZE O E & R O
HE R .

2 E R

2.1 HAEIKE

F £ (AV) m| (1.0x10-3M) : miflks % v (5
W&, BAR bAEsl) 24 ml & 4N ERRIC 5fE, 48 500
ml 1L, =FVvv o7 3V MEFEICXS Fv—1iE
FILXY BELKL. TOEKREZ KTHRKRL 1.0x10-3
M ¥ s L. PAR 3 (1.0x10-3M) : PAR (F
— &4 PR, AiofbER) 22mg % 1% KEgfks b
Yyv A 4mlizisfigl/kceLE 100 ml & L/, Ti-PAR
ik 2 F % v (IV) %k 40 ml B ot PAR %% 30 ml %
BELAKTEE 100ml L%k, oo pH 3#
3.5 k%, Nk, TORBRILEZISL 2EEED D
OERAWSE. 7TvE=T7TEHK (pH 8.6 X 10.7) :
0.IN 7v®2=7F®%R 0.1N #Et7vE=v2% pH
8.6 vix 1:8 iz, = pH 10.7 wix 16:1 oH&iz
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BAELR.
% @bk E (% Z=ZFELHH{b®E) 11ml 2kT
FIWLLE 1000ml L, @<y Fviks Vs e
RICX VEELL. ZOBRKREEARICEERRNL 2.
B RSGE OB E L B SR 200-10 AR A
v, PH flE#3#EHZE~y /<y pH 5 SS-2 Bz Hw
7z

2.2 RIFE*

EEDE  ARBROAR. KER Y BE, DAERY
DOFRBIEATIL, Fo 40g 1tk (30~40)ml #jnx
EUFA R LI, 200ml oA A AVY) VE—T
VEVIAZIKEZ IR 2T 200ml E 3%, ZOREYEED
SrBEL {2000 rpm, (10~20)min}, EE®RY BKET
5. MHAEOWE. BE (DELIEHETHAFN LR
5ml %k » Ti-PAR 3 1.0ml % hnz /-1, Z2HEK
3ml Kk&Mz4eE 10ml 3%, 45°C T 54N
R, W% 508nm T RITHBHEERRETS. NRK
LR A Ao, DI BRR b K EEAERR Y
AT ERC X b AR OB KREEXH
T5.

BB KER Y BRI (1~2) mm Fxo0
Whel, DABRRKETFDOTE RELETS. BHh
Ti-PAR R K O#EERK (pH 8.6) %5 F L7t (35
~45)°C IR L S B EAE ¥ B35, Inisig
¥ (pH 10.7) ZAWICHEE1, BT5C L7 BiRE
CHE S B EBREHETS. XNRARNR Y. —AE
W DS AL, HRLUCER Sml 2 HBRE ) Ak
Iml, $2H#K 4 ml &hnz, (35~45)°C wink 5 »k&
R DEBEYEETS.

3 Fh ES

3.1 Ti-PAR HRICKDIEEEY

Ti-PAR 3% MERRKEOWIEHHTAIE L LT
A8 E OREGEGERE L.

3elel MIRI~% b  pH 8.6 ik~ Ti-PAR
AR BBIEAKZRHN LS, BRORIN A7 b
AL 508 nm IRV v — 7 &R L, £ ORNE LB
KEREWHHTS (Fig. La). ZoRIUx 3-1-4 ©
WBRB X HIAMEKRERE PAR a2 v (V) &
HhicXsdbnEFEL2 bR, Fig. 1, a ORIAR27 +
NHELNAEDPFERFEE e 12 508 nm Z R~ T 3.6x
10¢M-1 cm=1ChH%. —F Ti-PAR AIEOBIT A~
7 tix, pH 8.6 kT Amax 523nm &5 % v
(IV)-PAR $5{F1C X 2 2R fEIRGRITE 739 (Fig.
1, b). ZoRUIERTIIEHEAR, R LEacit

BRIk FEERE s (1.000%10-1 M) : 30
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Fig. 1 Absorbance spectra of Ti(IV)-PAR-H,O,
systems at pH 8.6
[TiAV)]1 (M)  [PAR] (M) [H;0.] (M)
a 4.0x10-5 3.0x10-5 2.0x10-5
b 4.0x10-5 3.0x10-5
c 3.0x10-5

SECIET$5. 45°C TIlI 3 HBITSELCHE T 5
2%, FRIC ST 413 nm @B 5 WRES AL,
WD A7 + 1t PAR 00X oS5 ic—%K+%. pH
8.6 IK\WT 413 om i R oA ®RIWiE, PAR 2
BOMBEEC IV AELKEA A v* B0 THDD
T, CoBgurF x v (IV)-PAR AR L7128
BT EE T 5 L 2R LT WA, o TAR
B X 2:8MILKkERE BRI, ARPoFz v (AV)-
PAR SO RINOEE X INET 5 Z LW X D HLhIT
R ENTHETHS. D EoEReE ST, BEE
HIER O R4 508 nm L L7z,

3.1:2 pH O%E  Ti-PAR R BEELAERY
wMLICBE, RO BRI 3% pH of#Ey
Fig. 2 @R L. pH 7.5~12 o c—ERILEMN
Hweohs., Lnl, pH 10 L ETIEBINAS7 F 3
532nm fHARE%YR L, BEbKERLSE4 otk
LD £ HEIND. 5T, EBHOBEKO
pH % 8.6 L7,

3.1:3 2aEDBEBT(L i oXdse, +xv
(IV)-PAR  $EtkDRINOFEIINRIZ X - TELHIT
frETc&s. £T, BKEERKTHINBRMOBES
R L. zofiR% Fig. 3 wind. AEEARKY
AT EERAIET 58546, pH 8.6 %% 45 °C

N\ N=NLA\ kay N\ N=N{ A\
SENOIE g
N\ HON“OH N HON‘OH
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Fig. 2 Effect of pH on the absorbance of Ti(IV)-
PAR-H,0, system

Concentration : [Ti(IV)], 4x10-5M, [PAR], 3x
10-5 M, [H,0,7], 1.5x10-5M; Wavelength : 508 nm
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Fig. 3 Time dependence of the absorbance of
Ti(IV)-PAR-H,0, (a) and Ti(IV)-PAR
(c) systems obtained at pH 8.6 and at
45°C
Curve b was obtained by subtracting curve ¢ from curve

a. Concentration : [Ti(IV)], 4x10-5 M, [PAR], 3%
10-5M, [H,0.], 1.5%x10-5M; Wavclength : 508 nm

w3 HFEIMET % &7 & v (IV)-PAR-BELKEH K
b —ERRENREB RS (Fig. 3,b). fok, 20l
YT T OBERC 2HHEU ERE LT HEED 5
Risd o iz, o TEBRCBTAREERE L, pH 8.6
TR L, kiZ 45°C CSHRIMRBR LRI 2 & 1T
L7-. 7c3s, pH 10.7 TIXEERTH 3 HBR-ITF 5 v
(IV)-PAR gk oRINDOMEL BD bhich, 0B
BEREEDOESDENRRKREL DO TERRMFL L
TIXHEY T

WE, wik: PAR RMBIC I 2B L WME@SERIbKEO BRI RE &k 761

Ti-PAR Rz pH 3.5 B WTARER 4280
FRELTIBREECENB D bhitvwo &b, K
A 2275 0 R ORFENTED & L M- 7.

3.1.4 Ti-PAR E&OD#EME Ti-PAR R0
EHA bbb, F& v (IV)-PAR-EBILKESE
thOF R % = VR OEF AP X b R L.

WTFhoGETS $itho Mtz 1:1:1 kD5
H, Coffix Li Lo &E—FT5Y. ZORERN D,
Ti-PAR R OEEHA [PAR]/[Ti(dV)1=1 &35
LI EMEEL NS, L, A PAR of
AR ZERRE ORI A mD B 2k, X [PAR]/[Ti
(IVY1>1 OBETIIRLEMECEDOE 2 EUKEED
EFTHROAEZ END, BENSY [PAR]/[Ti(IV)]
<l gfgEoz ¥z L. Ul &b, XH T
IEBROERNI X 51 [PAR]/[Ti(IV)1=3/4 &
ED T

3.2 BEELKFEOERERE

3.2¢1 BB FiHEOFKRILS\T Ti-PAR &K
TR X 5 BRIEKRERO D DS kD, ER
OETRR X 5 REBROCBRHEYED . COER
B X 0B LK EERER A AV TRER PR Lck
=7, [HO]=(1x10-6~5x10-5 M o#ifH THE »
BHEEIT L VAR R L, ZOEEREUL 2% LIFT
BHotz. 71, HIKEFOBBILKT TR 3x10-"™M
BEIEAKE F CREE L oA R I .

3.2.2 MBRHE EROEHOBEREKICI-
T, WK EREY BRERCE IR BRI O
TBOryHRBTHRINLE-LZ A, BHETHERBERAT
4%x10-6 M THhH o,

3¢2:3 HEPHEOEE ARXEEZAMPOBIEILK
EERCIEAT A, ERECKIETREDEOE
A AN -ER S Table 1 ROt Table 2 iR L7z

Table 1 Effects of inorganic compounds on the
determination of H,O, by the Ti-PAR

reagent i
Inorganic H,0,; Inorganic H,0,;
compound found compound found
M) (%) (M) (%)
NaCl 5% 10-2 100 CuCl, 5% 10-6 111
KCl1 1x10-2 100 5x10-7 100
CaCl; 5% 10-4 94 KBr 2x10-3 100
5% 10-5 100 KBrO; 2x10-3 100
MgCl, 2% 101 100 Na,CO3; 2x10-3 100
FeCly 2% 10-5 120 Na,S0; 1x10-3 100
1x10-6 102 Na;PO, 5x10-2 100

[H,0,] added : 2x10-5 M
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Table 2 Effects of organic compounds on the
determination of H,O, by the Ti-PAR

reagent

Organic H;0, Organic H,0,
compound found compound found
M) (%) (M) (%)
Acetic acid  1x10-1 100 Amino acid 1x10-¢% 100
Ascorbic acid 1x10-3 100 Sorbic acid  2x10-3 100
Citric acid I x10-2 100 Benzoic acid 2x10-3 100
Glycolic acid 1x10-4 100 EDTA 1x10-5 100

Lactic acid 1x10-1 100

[H,0;] added : 1 x10-5 M; T Each of the following amino
acids was tested, Arg, His, Met, Asn, Asp, Gly, Ala, Thr, Ser,
Orn, Cit, Trp and Tyr.
RRFPCFEENTFHRIRBEF LI YA, ALV YA, &
R, VB EDOEMEA v RORRERNDD DT
DHRERY THEERBEH YV v A, BlbH ) v ail,
WD BRREAKERD (10~100) 58 OFFETE s\ T
EBE~DOEENTEAERD LRI 72, L, %
() &%\ 8 (1) ofFfeiz, PAR L o k4R
Lo GRIERILKEOERBRIC K E B ER L O T,
Fichh, $ALD) XROE D) © PAR 5ED Amex i
FhFh (500~550)nm (% (490~500)nm ff5EiC
HY, Fxv(IV)-PAR-BREELKESEARD Amax 508
nm ZHELTED, hofsE0BREERDKTHD.
Table 1 ©Z/R Lk 5@k (Il) ROGRH AL 1 A4 v,
Fhth 2x10-5M, 5x10-6M ODFEFE THlchkE
TRIERZER 5 2 7. X Ti-PAR R o7 30 435z,
5x10-¢M FiBOBERD X 51l 2% Lk
BE, BREKZEOSEI M INTEREOH R b1z
blL, RENV EAORERRT. AU, A 1A
M) BREBECHFEL, FAzErFiEz cizl
mg/100g ¥ CHEDRREMELDS. LirL, BRFT
DA VIRARBRELEELTE D, KBK
P EMERE CIHBECBT T A MR I b E X
bhd., XKAENGRETHAHDT, +oBR LR
CHEHRATHZEG A THD. EoThbDIF v
3, Bk oEEGI TRk 0B KR OEEE R
RELEEXRIZI 1. XNE#EYE LTI, B
HEDOBEAINEVEE 13 BT I /B 1T onWTK
B Loy, BBEKRED 10 FEIFE LT ERER
CEEY G o, XERGNYTHD v e VR, &
B\ LBRIES v VA A DREERK T H B RRBBBO
FAEx, 200 5L e BEE T EER e
E .

3.3 BARFRDBRLKEOTER, BHADIEH
FEVELTOREBBRILAEZEOEE, BiiEE: LT
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FRAENHEIhD DT, BEOKERD B, HAE
B o — ATs ERTEM S M IBRELKE OB H 2 R 2
7.

Table 3 ¥, WO FIT o % 3% K 0.3% Bk
EARFECER Licd DIDWT, Ak & RRENE o
a vERMERC LD ERERLILE LIERTHD, T
BRI —HER LTS, XHhEIFs omHREHw
7eVRIREIUYSEER <%, 2000 ppm FHYLL F OB E
b K22 IRINE B E L 7a A mIeR 97 % %18
7o. Lo LEHEMELS VB TH DB, AEBERFAED
WRECBBIEAEXDBINTLE S oic@INE (76
~90) % FBEE L2 bhigds - 7o, Table 4 3@ bk
FEm (O~14)ppm KT HEHEMEL OFERER L.

Table 3 Determination of H,0O, by the present
method (1) and the titration using I,(2)

H,0; (ppm)
Samplet

(1) (2)

2050 2030

Fish paste product, 2050 2035
steamed a 2050 2025
av. 2050 av. 2030

778 770

Fish paste product, 777 776
steamed 778 764
av. 778 av. 770

t Fish paste products, steamed a and b were dipped in 3 % and
0.3 % H30O, for 2min, respectively.

Table 4 Recovery of H,O, from foods

HzOz found

Sample Hzo(g ;j)ded . —_

PP ppmt  c.v. (%)tf
Fish paste product, { 5.7 4.9 4.0
steamed 7.1 6.1 3.0
Noodle 11.7 9.2 3.0
s 6.8 6.6 3.0
Apple juice { 13.6 12.3 3.0

T Average value of 5 determinations; 1t cv was calculated

from 5 determinations

Table 5 1%, MROKERD 8GR, AR ECERE
THBBEAKEYABEC L oTERE LLERTHS. &
BTCIREE 1ppm ORETIREREE 0.1 27, 58
MORWEERELESL Z ENAIRETHB. —HEERBE
WwXba vEBELETIE, 0.02N 4R Y v A
HEE lml ¥ CEEMHE &THE, EETRILG 30
ppm LB, T, o Table4 DX 5ESED
BT, 2 v RRER CREREE O HERY
Br0RRETHS. X, AEIX+OFR LUK
HBHTEhOREHEC L B8N DT\ DT, 4y
EORTABHIZEAENTELE L., 2Dz XIixEHE
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Table 5 Determination of H,O, in various foods

H,0; (ppm)

32.0
15.0

Sample

Noodle {

Fish paste product
steamed

(=]

OO T ATy

Fish paste product, steamed, {

spongy texture

Fish paste product, steamed,
cylindrical type

a
b

o OOo200] e
- - coNoo —

Fish paste product, steamed, rolled

with red spiral pattern 0.0

Boiled and semidried whitebait 1.1

Apple juice { I?) ég
RKEBFRTHS.

AR L AEEHNHD x5 R THAOTHEHERC
IBBHATRETH D, EROFCRNIBHREEY
RAAaTc &z AKERD B, 5 EATILBBILKEES =
2 ppm % T, fLBBBAD & o — A T2 0.5 ppm F TFH
PINHERETH » 1o, 7ok, HERBRBENKO~LvFF Y
F & v (IV) S5EAERIC X 5 RERFETHE LT, Amax A3
BHEMCD v, »OoREFRDL K ThLEREL 26
DHEEE Th - Te.

4 s

Ti-PAR x5 HEBFIEKEOT & DKM
SR BRE L, TOFEERHEIL L.
AEOTETERIE, 1x10-¢M (H9EXEHDOA 7 —
AEKTFT 3x10-"M) THYH, ZHIMLFERIEEY O
1x10-6M ,5 % \TMRRILFERICE® o 1X10-7M &
BERBE V25, LB Tk, E¥RX
ENEEMEK 10 % BE THHOREE LT, AETI
2% LIFThh BEHECEL TS, XA HEY
H, BCRTHEEYOREY T LY, TEKE
RO D BT EALIRTWERAFF Y F— -7
3T VFEY V-T2 ) =AW RECRELTH A
EhFEEEDS. Inks, ARFOBBRIEKEDERT
B LcsE, BEHNRENEOERETHL I 2T —
ER VS 2 VEREICHE LT, REXBEIES T
Ho, BRELHIOFEE-LIERAEAERFEEEL
TV,

b LA OBRILKED S BELBR S, B
OWIME LTHBARIND X fok T, &
BT HMEERBKREOERE L LTOARBITEREE

5.

I, @ PAR S¥RIC X 2 ¥ LW EERILK ORI EE R IL 763

FEL, BRETHHHFHEORE IV
*ETHDT, AT COICArFEND.
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A new spectrophotometric method for the
determination of trace of hydrogen peroxide by
the titanium (IV)-4-(2-pyridylazo)-resorcinol re-
agent; Application to the assay for hydrogen
peroxide as a food additive. Chiyo MATSUBARA
and Kiyoko Takamura (Tokyo College of Pharmacy,
1432-1, Horinouchi, Hachioji-shi, Tokyo)

A simple and rapid method was developed for the
determination of trace of hydrogen peroxide using a
mixture of titanium(IV) and 4-(2-pyridylazo)-res-
orcinol (named Ti-PAR reagent) as a color develop-
ing agent. The addition of hydrogen peroxide to the
reagent results in a red coloration due to the for-
mation of titanium (IV) complex with hydrogen per-
oxide and PAR. The absorbance at 508 nm was
proportional to the concentration of hydrogen peroxide
added under the conditions of [PAR]/[Ti(IV)]=l
and [Ti(IV)]=(3x10-8~6x10-5) M in pH 7.5~12.
The Ti-PAR reagent itself also exhibits the absorption
peak (Ampx 523 nm) at pH 8.6 due to the formation
of titanium(IV)-PAR complex. However, the latter
peak was rather unstable and disappeared rapidly
when it was warmed, while the former peak remained
unchanged at 45 °C over a period of several hours.
Then the absorption measurements at 508 nm were
performed after heating at 45 °C for 5min. The
method was applicable to the determination of hydro-
gen peroxide in the concentration range of 1x10-6
to 5x10-5M with a molar absorptivity of 3.6x 104
cm-! M-L The data were reliable with a coefficient
of variation below 2.0 9;. Little effect was observed
by other substances. The method was successfully
applied to the determination of hydrogen peroxide

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

BUNSEKI

764

added in food, and the lower limit of determination
was found to be about 0.3 ppm. A spot test of
hydrogen peroxide by dropping the reagent directly
to samples was further examined and the lower limit
of detection was ca. 2 ppm for white boiled fish-paste.
(Received Apr. 30, 1980)
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Titanium (IV) complex

BEBREIOAT I TT7 4 —ICKBF AT BRI A DER

FHEBE , &5 Ha,

B=, SHAELES*e

ESpY)

(1980 4£ 7 5 10 H &)

BRERBEE IR} 5774 —2RVWTHEBOF AT VBAAVE PIET 500 BEM4%S R L

e b T ATERIEIREIE A A v HsiIE (TSK-# 1 LS-222, 6p) % Av,

R L U C e R

BRI OREEEZHVEZLICED, FAYT VA4 v OiEEE gk (I10) kL LTOR

HBu 150Ky 25l 7e~ Y57 AF ARERL .

BATERER >~

BEHIZ (0.25~10)nmol D&

FEEZBWT, et RPOF AT VBAFAVOEREZRL L LS, EREELSELTFD B
W 100l 2 EESD 7 MTEATHREI CHERLSERTE .

1 &

b MEAERCREEDTFF T VR4 4+ v (SCN-)
DEETE LTW5. Fo SCN- 2447 35 = 21t &k
Lo REY, 7 voEsfE?, ERRELTo
SCN- Off R L, £ ORMOFEFZHRT HF
b & UTHERE.

REE, 4k SCN- O ICIIA — + 7 F 514 F—1IC
MHEhicrA o7 vBEAD) SHEY L, 7 voi
HEBETHAECY V-5 Ve vikd A LCHE
ghiE ThTvws, MERKIE, BENGETDHS
2, g L oEA SCN- R T, v ) F
VBRI EOYBERR TS, —F, BEIGRETHD
NILkK, v7 voklETHH SCN- OEERIZEIC
EHRAMAENNETHD. BT, YA/ <57
1 R XDEBERGEY »"HfEIRhTVW52, Bk
7 v UTEFHESREBYHV50D, FiAEREE
CEHEOREYEL, L—F vk LT BB H#L
LA

¥ FTERFEESN  TERTEWHRAE 1-33

AR, RERK 7<=t 257 4 — OLTF
HPLC EBEED) 2\ T SCN- %M & 58 L,
BRERE LTRIG, BEOBBLF 4 v 7 vERE: (1)
SEEOLEEYHER T HIUBEEELOBMRELYRAL, i
Th%ze PR SCN- oS EA$% 2 e BE
L7

2 MERUERE

2.1 5 2=
FATTVEBERR  F AT VvES Y Y A 389 mg/
|l oORFARBHEZABL, BEHZRLTHWE. o
DRFEFIWHRO ALK LZ Az,

2.2 ¥ &

BEWEE 7 = b 77 73RO R Z VT A
T Tihbb, FHARY 73 EER O
EMEFAV 7 &, A0 AT AHMNEEFD <
FoIr7 VMU-6 %2, BB 50l ovr -2
EYFE LB 18]l WX E %, X, BHEtE =
=v 7 S8S-250F mALk. X, WHBORINA~ s
FADOHIEIZIEBNEHRESERES 3402 A v 7.
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