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Determination of sulfite remaining in friuts

H. Omura, K. Soeda and K, Yamafuji
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1 BOMETHRASI, L{EL2HEHBELLIOEN
PRTHWADTChICHES ¢ & & L wWiNzLEE forma-
lin 2% HeO TRIELTHB L.
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Fig. 1. Absorption spectrum of color.
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Fig. 2 Change of color intensity at various
temperature, Optical density (— log
T) was estimated at 550ma,
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27T 10-8M 70 L 410-M @ (S 10T
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Fig, 3. Coloration of Nay 50y solution and
SP in apple juice.
NagS0; (—@—@—> : 10ml Na:50; solution
4+1ml resanilin-HCl41lml formaldehyde
SP4juice(—x—xX—): 1Cml SP containing
1 ml apple juice+ lml rosanilin«HCL 4+
1 ml formaldehyde.

=lu T

.2 0 o
50 taken, mi

Fig. 4. Coloration of NS0y and SP.

An aliquot of 10—3M NazS04 or SP solution
cited was diluted to 25ml with H;0. Into
10ml of the solntion, 1 ml rosanilin. HCl and
1ml formaldehyde were added.
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L LA oA RO & 5 WK X2 T
EEINWEN, XS rosanilin - HEC Ffid R
Y TH 2D TR T AP RAEER N ST
chick>ThNZERMLzhioTiif: ¥ o
Rz,

FI LR LAY v TR 10 g & Waring blen-
der %\ T 40 ml HeO 1 30 PR ME L3P
nic BEIEE LT it e R LE. Biro fto
10~M SP iz ORI T ml A RN L 2 6 i
0 2 10ml & LEflcHheoNEkE Lx
OLUEEBMLTHREEEE. )y TR~D SP
DI & TERE & OMFEAHITIETO & O & B8
T2 BRI LD, SP ORDR
4.4x10-5 B ETi) 580 ma 7 @ WILRriL SP o i
EUTEBEERL, L d coilii ) v o Rits
Ntz NagSOy Wil T o PEEFTIS SETIER i
ot L LiicELE-E 5K SPRY v ToR
dihic g h T3 phenol HHPIELFETLC &
MiERENRADOT Y » IRzl & 2 TR
AEM LR E D &ML LTVIZERERER L
5. 2T v SRR 2R ORI
ol BT M T B IR T OB SR
S, PV NG TR O MR SP &R
B 3mmaAoRERLY IO, R B
HHONETYRERRNILOLEEXNRSE. T
hie LT ComiacETBRessc sy v o
Pilie SP &ifin Licilid, AR+ hidEEd
MR I h DO k2T i eiiFah
AT &1 ¢ rosanilin.HCl-farmaldehyde 3Ktk
DTREE S ERRT

Aot-iEs 5. ME Lz SP &%) «» 1
2o TEDIml B L UF2ml 2Zhoh 10ml T
HeO TR L WiEED RO 4T Z OWLEARIE
L.

1 RICRA L S I RO 580 me QBEREL
Y IR o Er MR { MR oIS & E I
PHEBSEL oL L HEED SN

HofhliiE s reosanilin. HCl-formaldehyde 3¢

LAl SP TaEdhiL tannin HURIEEEL 123 O

Table 1. Coloration apple juice containing

SP,
Apple juice , A ‘ B C D
oD lml | 0.116 | 0.087 | 0.167 | 0.512
W laml | 0.246 | 0171 | 0.327 | 0.610

Each 1ml or 2ml of different apple juice
containing SP was filled up to 10ml with
Hz0. Into the diluted juice, 1ml of rosanilin:
HCl and 1lml of formaldehyde were added to
coloration,

TR E AR L B MERROBERIFRRALT
THEHRIBELHNCERNARTEL. 20RDHERK
MoRFIE MET 5 284 5 rosanilin.HCl-for-
maldehyde $RFIC & 3 Waibpic s @AEhIH
E2ERN L.

BEHNEZEROREE 45 LED12% 102 M
SP iz 30 4R EE Lz BAKEE L, 100 ml H:O i24tis
jiY Waring blender CHEER L. il yy o
R EATHMTHoTHANEECH DT 5 000~
6,000rp.m. T 20~50 27 058 LT fhlH it
AR, coHEeRikEY rosanilin-HCl-for-
maldehyde SETRM A UL 25 NagS0s kb
2L SP EA ) v IO & & RO THEREE
Uk ZORK 227 bR EBESEKE RTLIKE
590 me CEAMER LA, Lbd LTSS RT3
EHEPEFH USSR L O 2 OB OERIE
fshbd o & MumEEhik.

Fla0khicA—otESEs s SPABREET
ERARLAdmRic eRBEmi - L c ARLE
e A HEf b Fen L 590 me (4R IE & FIlo %
< P RAEERERE, cOC Lo RRT Y
L35t rosanilin-HCl-formaldehyde 838 FIG L T
BROEETECLERTHOTHOT SP MBI X
DTREDEREDOREATZThE S, BEA<2
An BT O L I KRR L ZRAEEORS
ko Tiiirsha.

c OHATHBOSH RIS DI £ O
Hbhi It bFLoNd. &I THEOANIL
WE WD RE L, o 2Bml i 10-3M 58
1W0-M Fi 315K SPIEZ WFERBRLEDS
RELEAIECThFREEELE. LBLED
WX ey bovid #6 @ Tt £S5 10-IM T2
580 m#, 10—*M Bid 570 m# & SP oBiCHEL TR
AN EITEEEORCET L.

—FiHE SP il L ez oMbty vy I
DA L REHT rosanilin. HCL-formaldehyde 33ic
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Fig. 5. Coloration of kaki juice with rosanilin.HCl-formaldehyde reagent,
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Fig. 6. Coloration of mixture of SP and kaki juice with
rosanilin: HCl-formaldelyde reagent,

FOTHEOER LY. $E0T rosanilin.HCl-form-
aldehyde PL3R 3 2 5o TR PHRCASTO &
DLBRLhLOTTOLS HIHOEERL X D
Liz.
HELLERMBITE HliThZh R0 5 g o
100 ml %1 H:0 T fMili¥ 2 % L rosanilin-HCl-
formaldehyde BREHE 2 RCRTLICBEMLEZD
HBOELE L OLROAREEEE L

PAROMB IR R LT S 0o b old il
Bioth o Lo, Rosanilin -HCL & 5t
i3 formaldehyde e Zhh BCINg 2 &%
it nEhid is < & bR iR O
HERAREINE A L LR & S iCIRi R THEAE S
LHAb i L. TTs SP Mt L
TORNE & H15 TR L AR ERELLES
i tannic acid & & { [FRUCHFBE D T L%
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Table 2. Effect of kaki juice on rosanilin-HCl-formaldehyde reagent.

Kaki Astringent Sweet
Juice, m! 10 10 10 10 10 10 10 10
Rosanilin-HCl,m} 0 1 1 0 0 1 1 0
Formaldehyd;l.l o 1 0 1 0 1 0 1
H:0, ml 2 ol Q ddl n i 1 0 1 1
. e reddis yellowish| yellowish : reddish | yvellowish
Color light gray) violet orange |orange |orange red-violet orange | orange
Precipitate - n + + — —_ — —
st Polarography () 2ERBMOTER

5% tannic acid KiFEEMA*ORITED H0 %
MAT 19ml &L Zhie BEOMAIEENA SR
DS & TR O B10& FIBRT 580 me THEL
.

Table 3. Coloration of tannic acid with

rosanilin. HCl-formaldehyde reagent,

9% Tamnic ) g asl 65| 1o | 20 | 5.0

acid, ml
H:0, ml 9.7 |99 |90 |80 |50
ODsgp 0,135 @ 235| 0,415 0.725 1.30

Into 10ml of tannic acid, 1ml of rosanilin.
HC1 and 1ml formaldehvde were added. In-
tensity of red-violet color developed was
estimated at 580 ma,

T 9 LT rosanilin-HCl-formaldehyde 3538 &
7 TRERR O Rz I 3 kS v T § HrRliod hikic
EoThprah e EaMshREoh COoR
R E>TERRTRERD, TRITERELELTS
Z L HERN, 2L THyORBOREAEKD 5
P DO TROIREEL ORTEIER L.

FARIC % LA WAl 152, alechol MUERE L->THE
Eigho b oL UHE LT 0 AR Sk £2T
Tz AP TH 2405 £h 0 H0 oM
HBAWHLLET A, BHIORMREDSBKRAG
DL 0L RMOTHTh L HENTH 2T HOM M
oMo B LT 04, 25 choo ilide
rosanilin- HCl-formaldehyde MRREI0A 4 & HAD
& & kiR Rt E N L. L LREEFEST
A KUY M S it D OMERTE LTl v

It @ k52 rosanilin.HCl-formaldehyde 283K
L SO RBERILR Y ¥ TROLTRFAIER
FeaAic BRI LN TEA Ok
Jihi RO Lo THORGINE D H B30T
SethAsPLR 20 5 2 PRAEAIFE 2 h 2 AT ibo
FiLERIH L2 80,

€D 12L& LT polarography 3 EX bhsd, #
TEORHE# S RIYR YA © palarogram s
[BENAPOLFr RN 2 TEENE S, S5
Kolthoff, Miller® Jligiii iRk < 12 LRI
polarogram % 5.7 L £ © Bt BT 5
EREL T 3 XHRBEOTREES 2 h 3.
ZZTR4i2 MAZHE polarograph PA 102 R4
LT HMROEREE TG L,

10—M NaS0s 8 ml % 72 42 3 ml } pH3 © Me-
Ilvaine FfEfH% (10—1M citric acid~ 2:x10-tM Naz
HPOy SmlicimZabic HO T4t 15ml & LT
REERRN . H5 U347 Ne gas £l UKE
W3RN 1 TEERLI T Lz, CORETE TRICES
&5 Nag50s OMTIG polarogram RiGoh,
—0.7 volt BHEICERBAA MR &4 NagSOy O
BEiiE U TR S Lotk

Wik SP & LT HePO, TpH % 5.5
W Lz NapSOy % RNT VA, £ C TR
o pH % Mcllvaine BFHEOHA Y C HPOy TIRE
L. Bis HePOy T pH % 3 W B L &MEE
10~M $.keF 10-9M L& L= NapSOy #3ic 2T
%@ polarogram EJEL WA R LE. Lok
Alcd —0.67~—0.70 volt HEE & it &2

Table 4. Coloration of astringent kaki juice of various states with
rosanilin-HCl-formaldehyde reagent,

Kaki ’ Flesh ’ Matured Alcohol-treated Under drying
Reagent - + - + - + - +
. blue yellowis i yellowish . vellowish .

Color light gray| violet orange red-violet orange red-violet orange red-violet
Precipitate — 1# — — —_ — —_ —
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Polarogram of Na:S0y acidified with Mcllvaine buller,

(1) 10~M Nag803 6 ml, Mcllvaine buffer (pH 3} 5ml, HeQ 4 ml.
(2) 10—3M Nap$03 3 ml, Mcllvaine buffer (pH 3) 5ml, H:0 7 ml

polarogram 83 &L/ RN IO FEIR T 25 &
A Ttz iddp polarogram (3 —0.7 valt #Z-{¥;
IR T AR RS bk, EHEHR
HREICH U TRE L A S EN B 5 A0S LM
FERFT ST EYTHI,

P> TECHE # 0 Napg80s Ui T Mcllvaine {74
#% omlicko>T pH % 3iTiEYd 15 ml OEkdHE
TS LT palarogram A JE L. IR
polaragram D F|EL & B4 sensitivity 0.004 T
ot —RiE 0.002 T Tk, ZORBENnL
BB L DR RS BT LA Ui iic s0h Tl

flkc X DEECEFN . H 910 D polarogram n
Gk NagSOs EMOTE DIFEBO R BLUH
10 i d

5 LTHI0FIC 3 k5K NapS0y s
polarogram D& EFAA LIMEMIHRCH 5T &M
I & iz, $#82T MlE &7z polarogram i
HATTE RSN FHIC LT NagS0g @ BHrrk
B 5L &EATEE 12 0 2 DRINGHER R ORESR
{1 10—4M R H 0.

PR POERRO polarogram

COX D CENER pH 3 OO polaro-
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Fig. 8. Polarogram of Nas SO« acidified with phosphoric acid,

(1) 10-3M Nag SOs adjusted

to pH 3 with phosphoric acid,

(2) 10-9M Nag 803 adjusted to pH 3 with phosphoric acid,
Table 5. Relation wave height of polarogram and concentration of NasS0Os
Mellvaine buffer, ml ‘ 5 [ 5 | 5 [ 5 [ HIERE | 5 | s | 51 5| 5
10—tM 10 8 6 5 4 3 2 1
NasSOs,m1 {3210 0y o |z5]6 |3
H30, mt 2514 5 0 2 4 5 ) 7 8 o
Cone, of NapS0y, X 10-1M 12 0liIc.0|8BO0|67]|67 |53 |40 |33 |27 |20 |13 |07
Sensitivity 0, 00410, 00410, 00410, 004] 0. 004] O, 004] 0. 004) 0. 002 ¢, 004] 0. 002 0.002 Q.002
Estimated wave height,cm [10.1 (8.1 |45 |546|56 |45 /35 50521 |235|1.65|0.58
Corrected wave height, cm [10,1 | 8.1 | 6.5 | 56|56 [ 455|385 |262(21 |L21|0.85 |03
gensitivity factor estimated : 0.004 £ 0. 002=1: .93

gram % 5.2 550 Wil e polarogram 4t Mgk
MoD o & it2% b Riz>T Lt RO
DN E S TORIEMTIRITL .

HIFE Lo ¥R 75 g o iFTED D 100 ml HeO
TR 2R B, MBI TAH VT
polarogram Z-RE Lz, FEFRRUT 10ml, 6.7
10-?M #TAyig 4 ml, 2X10-2M NapS0p & #-ix Hx0
iml kb, Mcllvainefithi pH 3, BETH
T pHE LT8RP LA, p.e 25, sensitivity
0.08 THLE L7455 polaregram A8 11 i F L.

% 11-a it pH 3 Td polarogram T&oT {hh
ﬂ‘?l‘ I'I I}Fﬁ' & OIS BT i 6 TR A S UL

volt LEREFE BNLONBRIN S BELH
e, THEX LTIEERORZ —0.7 volt fHEICE
BT S Sbhf. CDRSTHRSFELZDO
$ —0.15volt i & i —L. 1l velt fiHFic AOR A
MR D B 5 polarogram & [RIT TR
Wi
ZhicxLT pH 8 T3 BSOS R R
HohTFhEhk —0.57, —0.2 517x ~1.25 volt
RRENZRBES Ut $: pHE ThH
GREERD polarogram {3 dw divichof, L
LR B A Oe 3R> TT A A 1 e L -0,
9v—1.0 volt {3z BB & D4 B ThRRRERS
FHIFTIZ —1.35 volt f1EC RCH S S hhik.
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Fig, 9-a, Estimation of standard wave hei-
ght of NagSQy (1),
Nag 8031+H:0Q 10ml, Mcllvaine buffer (pH
3) Sml, {2x10-*M NagS503: (1) 10ml,
(2) 9ml, (3) 7.5ml, (4) 6ml, (5) 5mL]

C e DR & BRI el H20 A ]
Th pH 3 TRETHESTHI R AN S T & 12 WAl
SRR ATH PH 6 B 508 TRABLNANT
&G T &,

MBI LTRSS LT ST T
WHBIE AN, ZORERS SR Ot
LU 2 0 & Bbh 5 34N I F ORI RS
Ceh BLE BHRE Ho b e bk WL Etrod L
¢y, Le LEEEEVE A ud X b Vs e o
polarogram &3R5 C X ITFRER L 5 TH2T

1) 667

(3) 4.0

(4) 353
s 0002

& 2.67

6 20 ]
{5 0.002)

(7133
(s 0.002)

J
Is 0.002)

g

PN (R (R T PUR BTN TR TRy
-5 -

vult

Fig, 9-h., Estimation of standard wave hei-
#ht of NasS0s (2.
Nag S0s+H:0 10ml, Mecllvaine buffer
{pIl 3) Sml, [10-3M NagS0s:(1) 10ml,
{2y Bml, {3} 6ml,(4) 5ml, (5) 4ml, (&)
3mh (7) 2ml, (8) 1 ml)

W12 2D 1HTEH S, MEHT 10ml, 2 10-2M
Na:S0p 5ml, % 5 ml DT T NN 0 RAld
FTHSW YL MM QLI NN 4> F° h Sk
BB ILMDS SR AT Aok RN O ER E
L& —0.25 volt W g% > polaro-
gram HUNEEME XN ANCh S iioso
EREL LI ARBIEOL CAWLHITRL,

Ch S ORIEE MM NasSOs 27 1 & DI
DT LOTH LMK ChE BRI ER L
fo. DeREl ¥ 150 g 2B LZo%F 10-1M SP
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Fig, 10. Relation of wave height of polarogram and concentration of NaySOj,

CBERN L S IIE D 2. TR © L S KHh
HelenFmic | | {aTbiE Ule i Chd kB LR
PHn Y HeO 7 h Y7 -2 TR LR T polarogram 4
BE L, 18 R Siid & 5 i IR E el pdds &
DNEMER AT LTS 2 E R Lishe i B
—0.55 valt {}iE B>, chidbicithbih
A5 BT ~0.2 volt {1EOT Tk SP
ML XD T X GBI IR,

FrochoDlEE OhEOLPRESEALTH
AP A DR T e o TR — R TRE
LR <M I3 R Lz, #ds add SP ol
AL R —0.2 volt 4D Sk WL 18 b
—0.9 volt {[EiEhic —1.25 volt FHEc blTo &
bhobhi.

V3hic LTH oo polarogram (i 2~ 3
O G E T A TRLE I MR o T
S A G s —0.7 volt E ki —0.3 volt 42
VL —0.8 volt ([t T ch P32 Rk
R ETES ROk, FHRCY ¥ ST DT
HEIFHAMR S LS & pH TRIFEL /- polare-
gram IREUCHIT S B Shii ot

ZO XS polarography T 2T hiDfibhed
INER D & AR 1207 © T—ERD JH i

& DMIT NagS0s 2T LT polarogram ZAlE LI
RMODE & RHEOMRTRD L. FdiEM 752 %
100 ml H:0 i BEFaam L 8,000 r.p,m, = 30 52
SOEUTHRMBEERNLE. R 10 ml i pI
3 @ Mc lvaine g 8 ml B XU L2 OE® 10-M
NaS0: #7368 Ho0 48K 20ml &L, po-
larogram ZEEL -, ¥ 15 Fi/R¥ 4 polarogram
PoOERERDE GBI EE RRLE.

Y v OGS L TR TERENHREORS LR
LENMRLbL bbb B LTHE 2 EMEL DD
20T RI6T 2 MR b BRRO BRle 5
C &gy, Lhd gk fHE Stk

Table 6. Relation of wave height of po-
larogram and concentration of Nag
803 in kaki juice,

Kaki juice, ml—" 10 [ 10 ‘ 10 |10 i 10
Syt P i Rad ~
bufler, rnl_l 8 8 8 8 I 8

“10-20 NasS0s,
Na 2 | vs 1?j05[ 0.2

Hz0, ml o | os 1.o| :.5[ 1.8
“Conc. of S04 "
added, X 10-1M 0] 23 _
Wave height,

eig J 9.4’ 5.3' 34‘ 1.3| 0.9

PC 25, sensitivity 0.01

10 | 75| 50 2.5’ 1.0
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Fig, 11-a, Polarogram of kaki juice at pH 3,

(1} kaki juice 10ml, 2XX10-3M Naz SOy 1ml, Mcllvaine buffer (pH 3) 4 ml.
(2} kaki juice 10ml, Hz0 1ml, Mcllvaine buffer (pH 3} 4ml,
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Fig. 11-b, Polarogram of kaki juice at pH 6.
Same with Fig, 11-a, except that phosphate buffer (pH 6) was used.
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{1} juice+50;
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Fig. 11-¢, Polarogram of kaki juice at pH 8.

Same with Fig, 11-a, except that phosphate buffer (pll 8) was used.
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1D juice +50; (s 006, pc 25)

-0 vult

() juice-1- 80 (5 0.02, pe 25)

i i - M L L 1 PR | i 3 [
=05 vult
Fig, t2. Polarogram of mixture of kaki juice and NazS50s.

Kaki juice 10ml, 2<10-2M Nap$50y 5ml, Mellvaine buffer 5ml,
Polarograms were estimated at different sensitivity,
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Fig. 13. Polarogram of juice of kaki which had been immersed into
SP (1) and of matured kaki (2).
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Fig. 14, Polarogram of apple juice at various pH.
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Fig, 15. Estimation of wave height of polarogram of SP in kaki juice,
Kaki juice 10ml, 10-2M SP41:0 2 ml, McHlvaine buffer (pH 3) 8mk



A« R - R ORFERR O E 147

Wave
hsipglal
on
e /s
-
T
»
L
4
i@
"
L 1 '] s 1
E2 + [} E | 10
Cune, of 505 ®x10°*M

Fig. 16 Relation of wave height of polare-
gram and concentration of SP,
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Summary

In order to estimate amounts of remaining sulfite in fruits after treatment with SP (sodium sulfite
solution adjusted its pH to 5.5 with orthe phosphoric acid), colorimetric method with rosanilin.
HCl-formaldehyde reagent was investigated,

Into 10 ml gample solution, 1 ml 0.04 % rosanilin dissclved in 6 % HCl and 1ml 0.2% formal-
dehyde were added to develop red-violet color, Intensity of color was estimated by determining
optical density of the solution at 580 m#, Color development is rapid and reaches to constant
value in a few minutes, However, this should he carried out at least at room temperature, since
color intensity was decreased at 37°C. Usually SP had been employed for treatment of fruits with
sulfite. Phosphoric acid had not notable influence on color development, Thus, as indicated in
Fig. 8, proportionality of optical density at 530 m# to concentration of sulfite was established, In
addition, it was observed that apple juice does not disturb the estimation of sulfite, except that
color intensity of sulfite added into apple juice is decreased as judged from standard curve with
NazS0; solution, This decrease might be attributed to the reaction of sulfite with some native
substances in apple, as supposed from protection of brownning of apple with SP, Thus, rosanilin.
HCl-formaldehyde reagent was proved to be useful for the determination of sulfite in fruit and
juice of apple,

On the other hand, juice of astringent variety of kaki (Japanese persimmon), even without
sulfite, developed blue-violet color having the absorption maximum at 590 mu and produced precipi-
tate, However, the juice of sweet variety of kaki as well as tannic acid developed red-violet
color as with sulfite, but not produced precipitate. Owing to these coloration, it was concluded
that kaki disturbed the colorimetric method of estimating sulfite with rosanilin.HCl-formeldehyde
reagent,

In addition, it was observed that blue-violet coloration and precipitation were brought about
only with flesh astringent kaki, When fruit of astringent variety was naturally matured, the
color developed was red-violet as with sweet variety. Similar red-violet coloration was alse
recognized with astringent kaki which had been treated with alcohol or dried to remove astrin-

gency.
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Then, polarography of sulfite was investigated to find out the suitable method estimating
sulfite in kaki. A mixture of 6 or 3 ml 10-3M Nap50;, 5 ml Mcllvaine buffer (10—1M citric acid~
2X10-"M NagiIPO.) of pH 3 and 4ml or 7ml HyQ was employed for estimation of polarogram and
the typical one of sulfite having half-wave potential at —0.7 volt was determined. Furthermore,
it was observed that wave height has the direct relationship with concentration of sulfite, As
shown ir Fig. 10, the standard calibration curve of sulfite was obtained from wave height of pola-
rograms with various concentrations of sulfite. When the mixture was acidified with phosphoric
acid in stead of Mcllvaine buffer, polarogram of sulfite was also determined, However, 2 maximum
wave was detected in the polarogram, although it has half-wave potential at —0,67~—0, 70 volt,

Using the condition just established, at pH 3 with Mcllvaine buffer, the distinct reduction
wave of sulfite in juice of kaki was estimated, while definite polarogram could not be determined
when it was estimated at pH 6 or 8, Some weak reduction waves of constituents in kaki were
checked, whereas no waves were recognized in polarogram of apple juice, At any rate, it was
established that juice of fruits of kaki and apple does not disturb the polarographic estimation of
sulfite which should be carried out at pH 3 adjusted with Mcllvaine buffer,
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