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High sensitive colorimetric method for reducing sugar using

ferric iron reagent not affected by the presence of high

quantities of polysaccharide derivatives.

Manami IKEURA, Yoshitada NAMIKAWA, Yuji TAKAHASHI
Keiko Sacisaka, and Toshihide TAKASAWA
(521 @ 200344 A30H)
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Diidk e &, $k (Fe' ) ildE7 = ) v 744 FA 4 voi@aiic LicEchbiaEskcd 3
Park and Johnson (Park, J. T. and Johnson, M. J. 1949. J. Biol. Chem. 181: 149-151) D&k
ZWRL, K2 fEEREA L, LrL, JosEgkRSEchiERE (Tkuma, T., Takeuchi,
K., Takahashi, Y., Sagisaka, K., and Takasawa., T. 2001. Res. Bull. Obihiro Univ. Nat. Sci. 22
1 109-116) 13, FEORICHERIGHAERRE TH 2R Y 752 v o VBB SBIEFEAET 25513
V) VELEEA U S, WHRERIENARRETH - 7o £ D1, a4 Ui < WRTEE
DB ZEIT o 1o mERESk I E T E &L « EKHE 3 (0.16% (w/v) #k a wvy, 0.2%
(w/v) SDS, 0.14% (v/v) Wilg) @ SDS BE 40.3% (w/v) ML, & 3 3 v~ v BE A5
(0.075% (w/v)) b adic, 2GR, RV A7 vo VER200ug FAENCBVLWTIAS,
4IERIDL B~V ) v EREE AL Ui o 7o, BT EBILA 7 = ) v 7 A F & DOBRLETRIG

SOWIHIEER T 525, EEHER SN - 1,

F—v—FEGUHEEREE, SREERDE #ElEEeERE

% E

EICHEOEEFEE L TR E W % Somogyi £
(M) (Shaffer and Somogyi 1933), Somogyi-
Nelson 7 (Fhfaik) (Nelson 1944; Somogyi 1938; 1945;
1952; Hagedon and Jensen 1923) ASBHFE L 72 #k & 38
(720 vT7 LAV v &) ZHV5iHER (Hanes
1929) KOO E & (Folin and Malmros 1929;
Park and Johnson 1949) 75 &E 038 %,

T2 3 E I A ED L 0 IR LD 5 B,
HEOWHNE G Tkt 27> T 5, ik
WERT NN ) E P TEICHEDETHEN 7 = ) T v
fkr s (Fe!) Z7zmy7bh ) o a (Fe') i
BILT A MIGEREARICL TS, T LT, TOHERAED

fe7zua v bh ) v Ak Fe ARG H, Rk Lk
V) EREAE T (690nm) EET B HETH B,
it, 4 (Ikuma et al. 2001) (%, Park-Johnson
(1949) HAWE L, X 0B O & WLE S @R EE &
FERFE LI, ColFETEELHER (D- 752 v
vig (IR D-GA) &) ic>\WT1-18 ug £ TERAFET
bHb, Lo, FORCHEREEEONEICHEHT 2K
HSvavigEnEYEE (9200ug) HET AR
LSRR T 25813~ ) Y ERE DA U
29, FmurhERIC L TR ug THOREERIER T ~ov
) VTR A U ST o Lt E AR ATREIC IS - 72,
COMETE, FERITHG B B & [EEE Lo
ST A ATREIC S B 7o IR R A I LIRET 217 -
720

IR BN R R R
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MKmEEF b U oo BERALY, R 5 v 7 AbA
Vo a Rk, 720 v T AbA ) Y A R, DRIEERER
(I 7 vE=7 £ « 12KFY) #99.0%, Wilkek (1)
T vESY L 12K HEE99.9% HE, T U ) VR
fgr ~ Vo (LUF SDS) Ak, Wilg Ko i
(FIEHiEE T %) ; D-GA « 1KF0#, ®Y 52 vov
ft (Sigma),

D-GA Z#81%
HEOFHR

#0.1mg/mL D-GA A ZRH¥E L, #HHFTcHCT
R Lo
FHEE

A= bIVT S ZTHiK (RI880mL) & A, MEIKEK
g bV o a53lg ZFED, A — bV 5 RITINASESE
WIRfRtR, v 7 b ) £0.65g EARE 2, TD
BHKTILITART v 7 Lie TNER) R MVITA
N5 CTHRIFEL 7oo FRUERE120.531% (w/v) HE/KECTHE
MU @A, 0.066%(w/v) vT v LAY T A TH D,

A = bV T T Rk (91900mL) AN, 7«
v AbH ) v £1.00g & INA ST IEM R, kT2
LIZXRT w7 Lice TNEEEDORY K FILITAND
CTHRIFE LT, BIEEF0.06% (w/v) 7=V v7 1k
BT LTH B,

A= VT AR (F1900mL) % A, E2.8
mL (¥ 2B~y b)) 2INZ, Wk (D) 7vE=v
A12KFY (DIREk Y a woyy) 3.0g ZINMA T, 121
BILL e L2 2 Ic s & B 72, IRIC SDS 4.0g 2Nz
BERL, BIRBMKT2LICART v 7 Lz, TRES
I CHENRLE U foo FREEIF0.16% (w/v) #£3 3 o
v, 0.2%(w/v) SDS, 0.14%(v/v) Wi TH %,
HRAE 3

WA 3 LIE UFMTLL N ORI « L, FRT
HCLRAE L 726
AMFE3 -1 1 0.16% (w/v) 863 3 w3 v (EHEE99.9%
(w/w)), 0.2% (w/v) SDS, 0.14% (v/v) Wil
AF3-2 10.15% (w/v) B3 a w8y (99.0% (w/w)),
0.3% (w/v) SDS, 0.14% (v/v) iil&,

A3 -3 1 0.15% (w/v) #k 3 3 w8 v (EHEEE99.9%
(w/w)), 0.3% (w/v) SDS, 0.14% (v/v) Wil
AFE3 -4 1 0.16% (w/v) 863 3 w3 v (EHEE99.9%
(w/w)), 0.4% (w/v) SDS, 0.14% (v/v) Wil
S35 1 0.1% (w/v) 3 av Ny, 0.3% (w/v)
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SDS, 0.14% (v/v) Wi,

AFE3-6 1 0.075% (w/v) 883 a ws¥v, 0.3% (w/v)
SDS, 0.14% (v/v) Wil

AEE3-T7 10.050% (w/v) 883 a ws¥y, 0.3% (w/v)
SDS, 0.14% (v/v) Wi,

HEBRE

WH 1, 2 KO D-GA RO MR E A — PV
5212 & b, FifEPHEE L Tv BKIBHRI30 L EiR
L, 2 (24-28°C) 1oPfb U 72, 708 D-GA BEHEAHE
DWW TIRFRIRE R —E (30°C) IL72 5 X5 ITHEL
720 #90.1mg/mL D-GA BE#EA R % 0 -90uL (D-GA %
0-9pg BT L H10) 22T ZTholBRE I & 0B
FE500ul ITHi/KTA 27 v 7 LT,

PRITEEE 1 25000l A, L, 53K 2 £500uL N
ZHH L 7o, iSBRE 2100°C T15 HlFRE L, M bE e
INEIThE, T0%—20COEEETH HREHE L Eik
IR L 72,

iz, 3K 3 MIF S EEE 3 22.5mL lnA, #iEL,
30°CTI6 THIHE L 7212, AwZlIE L7z, TOFE%
3 EHIT 3 ML ATV B P,

BREUER

HEIDHER

B SEE R E Sclerotinia nivalis DFEAT %
RV HZ 7 ved—CBEREEPMOREINE (s
EBIBENE Sclerotinia borealis N OV TR VB S E
Sclerotinia sclerotiorum) ZHANRTIERD - fofcdd, 8
S R e E 7 (Ikuma et al. 2001) 12ftd
LERKINER (1% Gw/v) RV A5 27 vo vgRE
i 2.0mL+ BERK0.1mL) 2 5 RERICE Ny T 4 ¥
74 K2 10ul 5 2 £% (Q0ul) 1T L7z GEIcHE
5-14ug)o

T OFEHR, K 3 IINR4S TNV ) TR EA U
WS IE S AR ATREIT TS 5 120 T DI IC 3R
BOCHEEA N AT Z 7w YRPES LTV SHEES N
Too TN SRS T CRINMLE 242 97
VDS O RRASE 3 ORK LA, HFK 3 DR
FFEBRICHB T B0 Y HEEEGERO LB E TOR
IR0 B FE 0 D LE M R O FE T 5 1 2 B R S e ghifg
BV THZITHY T 2 D-GAlu g 47 OWSEE (GR
1) AL LTiT- 7,

BN 3 2 W T D-GA & 0 -15ug GEE 0-9
ug) 1T W TR A TR L ik o4 U B & 2 di <
720 D-GA & 9-15ug 2BV T b 2 HfifiE~v Yy v &
DOWAHEL 5 L1315, D-GA BRI NsE/LT &
1T & B EEHEARI RN DR 18> 5 oo LI EOFER,
TEEERR SR ERIT AT 2 D-GA 24 8 D= 5o K 03 A
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TE58, HHTH L D-GA L0 bEHTHLRY A
50 a vBROGDIE DI A (T 5 2 L
A ST - 72,

D-GA & 0 -15ug 1B % D-GAL ug 472 O
(Factor) 130.0893Cd b #HBIFR%E130.9998& 72, D
D-GA i coBEHFEERIEFFICEVWEEZ SN S, D-
GA 2% 0 - 9ug (Factor:0.0883-0.0895) 75 0 -15ug~~
P& E72 2 &1k > T D-GAL ug 2472 0 OWIEE130.2-
11%5E > TW AT NIIFERDIT 5> X OFPHNTH -
120 Fox OLIRIOE (Ikuma et al. 2001) &[EIREIC
D-GA &AL icZ itk D-GA 1 ug M7z D%
HEEADEE LISV TR L,

PIFofER, R A5 7 vo vB200ug £ENICE
WCEIeHE D-GA 2E15ug £ TT, NV ARk
ZEFMHNA 2 2 EARRIcanE, BRERICBL
THRESREERLEEFATE S &b ot L
HOEEERRHR 34T D-GA 0 -15ug OHFIFATIER L 720

9, AHEIICHHLTVWAEEY a vy ks (E,
#AE99.0% (w/w) LI E) 1I2& £ N B RHFH ki nk
DIFEKRME I D AEFRB IdIT, EHES Y o vy
(FiEE99.9% (w/w) LI E) 2l L 7cik3E 3 - 1 TSRS
PEEREL, ~v) v HIESAERT 5085 a2
7oo TORER, HMIE 3 - 1RmEs Tl EA L, |
HIWINBRITEARTEHETHFRL B, oS Tcol b
HERARRRETH » 7o [>T, ) Y BB DR
Kdgk s a vnnvidicGEzh s APnick 2 bocin
o f:o

RIT~v Y v ERBAEREZERBIA 2 2o
Tkuma et al. (2001) @ORERITHE - T SDS ()%F{%O.Z/o
(w/v) 0 50.3% (w/v) ML cEL S -2 20T
WERiEvE 2 E U 72520, B35 3 - 2 27k 1 Wefdl i
VY vERBELETT, BAE RO S S 3ERIGED
MENE Y XD TlEdD 2RI - oo EHRERRFRIER
EiTo AR (R 12K, D-GAL ug M7 b QWL
D E120.0902 £0.000325 (SE) (CV fiE0.721%) & 75
n, 0.2% (w/v) SDS < @ {i 0.0890 % 0.000318 (SE)
(CV {i0.619%) & D7%131.35% THEEDIE 5> & Dl
PHNTH - 725 i > T SDS B %0.3% (w/v) 1T L7z
Z &1z & % Factor ~ND 3750 - to

FHIC SDS EEAEIMEE 2 Ik >TRVY ViF
TR AR E T O] A LR 9 5 72 120.4% (w/v) SDS
RE ORI 3 -4 2RE L, BERIEMENE 21T - 7223,
HiRd 253 -3 LKL T, N vELBARK E
TOREICSE R R o N h - 7o, SDS EEEZEINS
Hol itk -, HOOLEEREEEINLL -
72T, SDS EE30.3% (w/v) TWEAHEEBR L 12,

EEERERL ERRIC B W T, BRI S R E R R

SO a v VIEEE FRSEREA, v vEIL
AR e S N B FEHE (Tkuma et al. 2001) A&
LT, RIE3hosh a v v OEELYIC TSI &
IZOWTHRE Lo #3 a N VBEORBZLIND 4
TR O RASE 3 2% L 7o,
AKFE3-3 1 0.16% (w/v) #k 3 a o~ v EBLAIRR SR I
L T mol #ET104%E 5],
HA3-5 10.1% (w/v) 83 2 v v LAIESE I
L T mol #5675 5,
AFL3-6 :0.075% (w/v) k3 a w8 vERLAIEE I
%L C mol #2855 R,
AL 3-T7 10.05% (w/v) 8k ¥ a v~ vER LA IS}
L T mol #2853 3% 5,
HREHE 3 2 AW TR TENESE (1% (w/v)
RYAZ 7 ve VR0 IMBERS N ) v & WERREEH
(pH4.5) REHEM20 pL %= ouhiy v 7 v & L THM)
TH L, BOLEANE L2tk Ak E Tori%
T, FORER, FnNZF o RAIITHOTREE
DNC IS o fois, T3 -3 KU 3-5 TRIRME

K405y Tkl Ak L, B3R 3 -6 MU 3-TTII~NVY
YEDBBERE T, DiEd L b ARRHIZZLOER - 1o,

LipLRAS, ThoOiR3RIREE Y a v/ VB
D12k T1/3THBHDT, RIEEZMATHhHLRET S
£ COMRRAGI 3 -3 MU 3 -5 Itk THTED - 720
JEVIRTCHE R T O RO OB AT B fo D I3
3-6 MU 3- T\ TENENAEHERFRI R R Z 1T -
Too FERZENZENK 1 KT 212K,

A3 -6 2V ABEERRE (K1) itV TiE
D-GAlug 24720 OWSEREEI30.0897TH b, HHBIREIRO.
9996 & = W EARE AR R L oo ERTOM GREE 3, D-G
At 0-15¢g) 0.0890 % 0.000318 (SE) (CV fE0.619%)
EHA08%E D - 128 (£ 12, ThizFEBROEF S
SXDOHHNEEZZ NS, ThODFERMS, 83 3
NV OEEAL/21C L T HIEER oM X (Factor)
CREELIEVWT ERDD - T,

AL 3T 2O TERR L 7ol (K 2) icsnT
&, D-GAlug M7 v OWSEEE130.0917T &b b #HEI %L
120.9996 £ 750, T OEEE WV A T b EEIRR O
BRI BT TH - 72, T OEIKITHO VT b IEEEREAE
RFEBR L 3 EIC 3 [nlfT - 72, T DFER (R 1200 D-GA
lug X720 OWSEEE O A8 130.09170.000289 (SE)
(CV fi60.545%) TH v, 3L 3 T DE0.0890+0.000318
(SE) (CV fi0.619%) & Hx2 &2 DFEE3.0% & # T
ot LHALIDEVWRHKEIDEVIZLSZ DT
37 <, EBho=ER (24°C) i (26°C) L v {Kh -
DT, THIFEEYY D-GA & (ug) 0Zftick 3
boLEZONE, TOT &R, BFRACOERTI
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1.5

A690

D-GA (ug)

1. #EESREELEEEEARIC K SFEEMIR
i 3-6 (0.075% (w/v) #k 3 2 w3, 0.8% (w/v) SDS,
0.14% (v/v) Wilk) E/H. —&xlalE=X i3 y=0.0897x+
0.138T&H b, MHBIREIIL r=0.9996TH - 7z.

1.6

A690

0.5 .
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D-GA (ug)

K 2. $HESREETHEEEREIC L SEEHR.
S 3 -7 (0.050% (w/v) 83 a2 w3, 0.3% (w/v) SDS,
0.14% (v/v) Bile) . —®&EHEE y=0.0917x+
0.0199Td v, FHEIREIZ r=0.9996TdH - 7=.

Factor 8HH 125 < 75 - 72 (0.09200) F) FHE» S & HAS
Honb, - TZOREE O EEREL O Factor
bR 5> ZDFIPANICINE » TV 5 Ll TE %0
HII-6 RV 3-TEHVALES, EEYE D-GA
3-15ug TOREMEMFMERIC 32 BERR SN ) -
723, D-GA &M cDiwn (lpg) EEITE, Ny
VEEGHIEKRE TIcE TR 2 BT 2RISR SN
72o WE- T, EiEEEZPEAAE T T D ouhEE =AU
HILLTANWY) v EEAERZELPTCHO NV ¥
FUBELER LIS WEHFICERT 2633 -6
(0.075% (w/v) k3 2 w/Nv) AL,

B wmis ten] - Wik BET - R

x® 1. HAESREETEERED Factor. 7272 L Factor (&
D-GA1usg Hizy @%j‘ﬁfg (Aew) TH3.

Factor HHBH R EL
LK 3 ks 1 0.0885 0.9995
D-GA:0-9 ng 2 0.0883 0.9997
3 0.0890 0.9995
4 0.0885 0.9998
5 0.0884 0.9997
6 0.0895 0.9996
mean 0.0887
SSD 0.000460
CV 0.519%
SE 0.000188
e 3 1 0.0884 0.9998
D-GA:0-15u¢g 2 0.0893 0.9998
3 0.0894 0.9991
mean 0.0890
SSD 0.000551
CV 0.619%
SE 0.000318
A3 -1 1 0.0899 0.9997
D-GA:0-15ug 2 0.0890 0.9997
3 0.0882 0.9997
4 0.0888 0.9996
5 0.0894 0.9998
mean 0.0891
SSD 0.000639
CV 0.717%
SE 0.000286
Al 3-2 1 0.0896 0.9998
D-GA:0-15ug 2 0.0902 0.9997
3 0.0909 0.9995
mean 0.0902
SSD 0.000651
CV 0.721%
SE 0.000325
AH#3-3 1 0.0887 0.9998
D-GA:0-15u¢g 2 0.0883 0.9996
3 0.0879 0.9997
mean 0.0883
SSD 0.000400
CV 0.453%
SE 0.000231
A3 -4 1 0.0911 0.9993
D-GA:0-15u¢g 2 0.0915 0.9995
3 0.0907 0.9994
mean 0.0911
SSD 0.000400
CV 0.439%
SE 0.000231
3K 3-6 1 0.0894 0.9997
D-GA:0-15u¢g 2 0.0897 0.9996
3 0.0899 0.9994
mean 0.0897
SSD 0.000252
CV 0.281%
SE 0.000145
3T 1 0.0922 0.9996
D-GA:0-15u¢g 2 0.0917 0.9996
3 0.0912 0.9993
mean 0.0917
SSD 0.000500
CV 0.545%
SE 0.000289
HEBEEODE=MH

XRIT, BECHEOEICRATH 2 7V F e R ERREA
72 ) YT FA K EDBLETRIEERITITOIT
WEMNED pERNI, HIE D-GA LRI 7 =) v
T A K EOBLEICKIGE 155y — 2 BTV, D-GA
lug ¥lch o~ ) v EFEENED IS ICELT 20
TR Tze D-GA LA D SUGSE mANCETT L T
BT BB I R F ¢ R E—EEIC 5 5 &
HEES N, L L5, K3 IR kRT, BRI
B oinE FicimL, —EBES 2L -1,



0.1

0.1

Factor

0.09

 E—

100
Reaction time at 100°C(min)

3. D-GA &LE{EHI 7 2 U 7 F 4 K& DBILETRICER
ZX3T BNV VEEEFERE
FEOPRIEICHR VT, D-GA BEAIE (1-9pg - 0.5mL) I
A1 RO 2 (%0.5mL) iR, 100°CToIE%15
r- 2 WifAT - €, EMIKE 3-61ck b D-GA 1ug Y
Do~ yEESRFEEER (Factor) % SULKERITS
LT7oay b L7z, X, 100°CHIBVLER T A T 2 GIR
T OARFEEIH L THIIE L 2R b EIKICRT. @,
B ROBIFITA ) % Factor ; [, SRIGEEICHR G 3%
SIRIE O ARFERE THEL L 72 Factor.

—F, SROGHERIT A O 28R (D-GA @ 1-9
©g) W2V TO—REYaOMBIRE (r:0.9995) (&
<, WP ERIEEIC BIF©h - 72,

DIl ofbER, $kal3EE RE R T E &3 D-GA 1<
S UCIEFICE O A E T 205, D-GA L#EILAID
PUS KO Z DD~ ) Y EHEEGERERICO W TIIER
AR R g
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summary

Park and Johnson method (Park, J. T. and John-
son, M. J. 1949. J. Biol. Chem. 181: 149-151) is a color-
imetric quantitative determination method for reduc-
ing sugars based upon a reduction of ferricyanide
ions, Fe’reagent. In the previous work, we had modi-
fied the reagent of the Park and Johnson method in
order to estimate reducing sugars with approxi-
mately twice sensitivity. However, this high sensitive
determination of reducing sugars with iron reagent
(Ikuma, T., Takeuchi, K., Takahashi, Y., Sagisaka,
K., and Takasawa, T. 2001. Res. Bull. Obihiro Univ.
Nat. Sci. 22: 109-116) , when the polygalacturonic acid
exists in high-dense for the coloration system , would
produce the Berlin blue precipitation, and the
absorbancy measurement was impossible. Polygala-
cturonic acid is a substrate for the enzymatic activity
measurement. Therefore, we improve the color rea-
gent which hardly produces the precipitation. SDS
concentration of reagent 3 (0.15% (w/v) iron alum,
0.2% (w/v) SDS, 0.14% (v/v) sulfuric acid) for high
sensitive determination was increased to 0.3% (w/v),
and the iron alum concentration was decreased in half
(0.075% (w/v)). As the result, the Berlin blue precipi-
tation was not produced over 4 hours even under the
presence of the polygalacturonic acid about 200ug.
Though there is a high linearity in oxidation-
reduction reaction between reducing sugar and oxi-
dizing agent ferricyanide, the quantitativity could

not be observed.
Key words : reducing sugar determination;
high sensitive determination;

colorimetric determination.
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