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Determination of mannitol in extracts from the kelp Saccharina japonica var. ochotensis

by a newly developed spectrophotometric analytical method

Daiki TAZONO

A new spectrophotometric method to determine mannitol was developed by combining a conventional method based on

generation of formaldehyde and its detection with 3-methyl-2-benzothiazolinonehydorazone (MBTH). Determination of

mannitol in extracts from the kelp Saccharina japonica var. ochotensis was difficult with the conventional method because

of non-specific colorations caused by contaminants. However, the newly developed MBTH method enabled determinations

of mannitol with reasonable levels of accuracy after pretreatments to remove contaminants using chloroform and cationic

deproteinization agents. Although the MBTH method showed relatively low precision for samples with low or high

mannitol concentrations, it will be useful for analyses of natural samples such as seaweeds that usually include large

amounts of contaminants.
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Larsen (1978) (X, Cameron et al. (1948) D JjiEIZHE
U7zl LT, v = b= V& &OhRERH R
PEFCTA LB w RS Y L (BT, KIO,) %/EH
S, FURMEICLVERTZHEEZRIBL TV,
AFEIHET Va3 — 3, MOBERIZIRKIONI L 1) &
BT LS D 2 L2 DnTB Y, @Y7 SURKER 2
WapZeT, v~r= b= VUHNORYT O E %
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FEEL RNV AT T N4 T %25, Tibbling %13,
XY= P WIZKIOWMEM T4 2 & T4 T OFHRE 2
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HEME AR TOMBTH & 7R T



¥ ¥ = b= VOHBLER L
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1. MBTHJ&# 3-Metyl-2-benzothiazolinonehydrazone
hydrochloride (M E{ LKL T.3%) 01g% K (MUT
DW) 100mLIZHEMEL, 0.1% (w/v) ICFEL 72,

2. BMEERE MR Lk (D) (BHALEE) 10g%
DWI00mL \Z{ R L 72%%, 7 X Nl (817 1 v afl
JAEIE) 1.6g % S ST L THEM L 72,

3. DREREESATRAR  WoRWSRLAKRIY (REEfLE) 2.5¢
% DW100mL (2@ L, 87TmMIZFHE L 72,

4. FKERENU 7 LEE KERAL N ) o A SO (B
+ 7 4 v A AHEEE) 26 % DWI00mL |2 & & L,
83mM (ZFAH L 72

5 B@IVEMEE 05MIZDW THIRL 226k (5
+7 4 VA HEHEE) 100mLIc A Z T T RKEEH ) Y
A (BT 4 )V ARDGHEE) 046g % L, 20mM 12
B 7o

6. XAHEERBER Ay > MY 7 A (Sigma
Aldrich) 2.6g % DW100mL (2 {Af# L, 200mM (ZFH# L 72,

7. T b—IVEEE < ==V (EET71 0V
AFIEAIEE) 0.5g% DW100mL |2 7 fF L 72120 J50E % o
HDW TARLCHH L7z

8 /7OEMO—TEHEE Jutbtu—7Mm_) b
U AT RAY (RSB TEE) 1.1g % DWI100mL |2
it L, 1OMICARR L 72 elk450mL &AL 72, A
BIZFEODENZ & ST 220 PLERTICHEE L 72,

FOM, By oSz LB, JEmME LA B
Th72012, zaakxivs (171 )V AHEHEE) %
AViee XZELCEES M) 7 AIZHEIO% L, Z0
R A AT R & V72

SRR dLiEERLSOIT I BV T AR S TV B 3Gl
i) ) 3 > 7S, japonica var. ochotensis O 14 H Bk %
iz, #EHZ20196 H, 8H, oI T ThiRE
L7,

U )arJbEOBEE  RE L 72EAO R 2
5, 020mmIN T R—=F— 2L ) HIEOEER 2D
L7720 COMMR % BRI S E721%, S 515
(EYLA WFO-501W) 12X 1) 80°C T I1Hiszl x4, 3 )
F— (47 % =IMF-180) 12X WML 720 FEBRICHEL
7230 B, FHSK (BEHSEK) OBMWEER OIS
HE (3259 = 128mg (*FIfi +SD.), /87 ~&K
518mg CTdHh o 720 MEMAER Z1ISmLT 7 A F v 7

HI}
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W L7z BH, MitARO LETmLE~ 27 0 ERY

MCEWHDISML T I AF v 7 F2—TI12H L, Bk
BA>TWAEF 2 —7IZHEDWIOML Z 57 L TS 5
W1 L7z BH, BRI mL 2 HE~ oY
Ny MY AIL, mH OB E &b CEF14mL
o)y ary Tt e S (LT, il e €2 T 5
B IR o 2 L 2R T) .

MBTHED A TIRIE  SUEH400uL %537 L 72 1.5mL 7
TAF v I Fa—TI27 auRIl A 1000l % 55 L,
RNVT v 7 AIFHY—TEEL T OO RIVAIZTED
RMEW) % B g L7zo 408 L 727KJE A 5 50uL % 43 B L,
H 5 U ORRERE SR 1,000 uL % 537 L 725 D 2.0mL
TIAF Y 7 Fa—TITMR Tz & HIKEEILNY) Y
AW 1,000uL & N2 721%, KvT v 7 A3 FH—7T
WL, O HEH (TOMY 45 TMRX-150) 124& D
11,800 X g, 55, SR TuOoHE L CThry >~ /37 s
172

Mo X7 MO B 3000l (50 GRERF S C
T 5 R 1,200 LD E DifE. ¥4 7 a7 L— M) —
¥ — % T AR E200uL OB E1X50uL & § 4. LU,
HilAE~A 7 a7 L — ) — ¥ — oo s
RY) ZISmL 7T AF v 7 Fa—TI5E LTz Fiew
T Iy FEWEToouL (17uL) &I Z2, 1EFEIC 104
FEtll LT~ > = b= VR B LA L 72, 1053 HE8 1%,
AL e RET 100uL (17uL) #E BN, BRILROG
T SE A AE R & B 720 20 0 FEEERHE L 72,

MBTH A 500uL (83uL) %Mz, & 5 IZHERILEE
200uL (33pL) ZMA RN T v 7 A3 ¥4 —THEHEL,
ZOF FA55HELTERI T, BERoiEo—
HESE L, SEER L viEv A s T L — Y —
F =12 & )RR O 628nm 12 BT B W %l
E L7

MBTH:IC K B~ = b —JVEESERDSH  MBTH i
DY Y= b= VIR, MERERE 2 R 5720
0.0mg/mL, 0.1mg/mL, 025mg/mL, 0.5mg/mL ® & &
IZDW CTH# L7z~ v = b — UEEHERE %, MBTH I &
DES S, SEER (RN 727 /0y =X
U-3300) 124 1) iE628nm 12813 2GR e L 72,

Tibbling’klc &k 37> = —JVEEERDODH MBTH
& Tibbling % & % ¥ 9 % 72, 00mg/mL, 0.1 mg/mL,
04mg/mL, 1.0mg/mLMD~< > = h— VIR 72~
v = b — VRE#ERE % Tibbling (1968) 2t - Tl L 72
I bbb, WERE ST AT 1,000ul % 57E L 7220mL 7 5
AF 7 F 2 —TIEER 0L F5EL, S 5ICKE
AN 7 AR 1,000pL 2 M2 72, RIVT v 7 AIF
P—TEEL, & LOoEEREIZ XD 11,800 X g TS50,
SEiRCEL T EEL 7o

AR O BB 30000 7, 15mL E AT & RS 124
L7z ftWn Tl a 7 FFEW 100uL Nz, EFELC 10



SHFHNL T~ v = b=V a BRLLEL L 725 10557
A5 A 100uL 2 E BN 2, BRLRG % 5E4812
RS 5720 200 FEEE L 72,

T/ aE b o— TEREImLE L, B Lk
100°C \ZF%E L7z + — & — N A T30 L 7z, i
BT Erzwbo, ZRFCTEHEHLLRKZ HAio—
WESIL ColtEst (HiinA 72 /7 ay—AU-
3300) THE570nm (2 BT W A EIE L 72

MBTH:EIC & 1T 2R EDZEEEZEIL MBTHEIC BT
5 RN, BLORCORRNLEE 2R T 2729
WESEHE DR AL 2 TR L 720 v > = b — VI %
0.1mg/mL, 025mg/mL, 0.5mg/mL ? £ & 2 # L,
MBTH#: D X & HiC A A N2 % £ TOGNEHIE%L
fi>720 MBTHE, B X OMILAIEEZ A%, HD
IR O—B % 2 ELL Tttt (Hng 727 /1
T —AU-3300) 12& D PEE628nm 2 BT HWOLE % 90
sriMEeER L 72,

o) ar7HERICE T3 Z b—ILOFRMEYR
B SIIECRAER, S OFEE T TEENIA
T L WIMESIEREIC T SN D 2 & T, EO5HEDIE
etk 2 2 R Cdh 5,

B A AZERE SN BAA D S ORI S0uL 7, 96787
478 7L —MIEL, DWB L 0.1 mg/mL~ >~ =
b= VIZHEE A FIENNA, BAEREA S & O
D2 RHUE (CO), 285 A BUE +25ug/mL (C1), 2%
FPUE +50pg/mL (C2) &b LHRMLIze v A7
07 L— bt —%— (20 FEAXSHI200) % H\7:
MBTH T, &3E D Co, Cl, C2B X DM AR A
Bl AT L, BREEEAFCRYI QWG A SRR L 7
M2k Co, Cl, 2o~y = b — ViR ER LT,

ClBLUOCQOME»SCODEX L, ThEh2ss
FUO50THRLTY Y= b= VoEIER](C1 — CO)/25,
R2(C2 —C0) /50 %5t L7zo F72, ZOEEHRE (CV)
REML 7,

) a  JHEREOEVEUATERER SABLY
9HDFE 2 ARG SIS NI Z L E oW T
~A 707 — M) —=F =% [/ MBTHEIZ LY, [
— B & 7RI L 72 PR CIREME A BRI 2 4047 L,
W A AR Y OWLIEREE A SRR L 72 i & 0 sk
D<= b= )ViEEEER L7z &REHI D W THEIME,
T E S L O IR i L7

w R

MBTH % & TibblingikIC & 2 v > = b —IVEEERDO S
# MBTH#:E, 00mg/mL 725 05mg/mLD~ » = b —
Vi BE D [H] T Beer D AN HE o Tl BEARLE 19 12O BE
MHEAL, EHREOEWRERIES N (K2),
5E 4R # O f 1 X Tibbling 7, MBTH{: & % 0.9980, 0.9985
ERIEFEMEE o7z (M2)0 MIEEIZOWTIE, 7

® MBTH j&
0.5 o Tibbling %
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3. MBTH#IZ X 5~ > = b — L EE# 3 (0.5mg/mL,
0.25mg/mL, 0.1mg/mL) ZBF 2 ORFRZAL

00 )V A LER R O BURH - L ASMBTH I O 75 A3 2.5 15
2\ %, Tibbling#: & ) & YU O fEAE <, 0.1mg/mL
DO CMBTHIED FREWIREEZ R L THED,
B 1 Tibbling i & ) HEN S (X2),

MBTHAICH (T DMAEDEEZTEL ~ o = F— i
J£05mg/mLClE, 205 F THAIWZREENS LA L, 20
G35 265 DRIICHE D E 0468 12 L7z (M3). LIRS
IR DTG L, 457512130442, 604514
12120415 £ %0, 9047212130364 T THA L7 (1X3).

<= b= ViEE025mg/mL T, 305512
130.109, 45471120210, 6057212023012 L, DLk
ZF—ZoREA R L7z (M3),

<= M= VIEE 01 mg/mL T, 30514 ICIEREE I
0.109, 45474120135, 60457 {2120.14912 3% L 720 LB
bR PITIOIBEEL A L), 9043 #121320.169 1232
L7 (K3).

o )a JHERICET RV b—ILOFEMEIR
RHER o o5ulE @ & | T = IZR1T849~
1257%, R2TIZ849~107.0%Th -7 (F1). 8 D5
O T IENL R ZRI T747~112.1 %, R2TI1.7~
1206% CTdh o7z (F1). 9 HO5REOFMENIERIERI
T951~1596%, R2T1138~1240% Tdh VY, EF
FI3DRIVEREH R OREIRKEL ol (F),
FOHDOHEBDOR2ITRTIO% L EEWEE 7o 72
(FDo 6 HBLUSHOREEOLHREIT L BICRIT
#114%, R2TH#H10%B TH o7 (1) 9K D%
EREIER2T34% TH - 7225, R1IE220% & AT <
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=1 U ar 7B S EINEER SR O R $
~ Y= b= ViEE (ug/mL)
6 8 H 9H
Co Cl1 c2 Co Cl Cc2 Co Cl1 2
1 13 327 463 80.2 989 1286 222.8 2475 284.0
ka 2 225 522 76.0 92.1 117.6 1379 1702 194.0 227.1
)g 3140 352 60.7 56.4 82.8 107.4 206.7 246.6 268.7
mo_ 4 131 437 55.6 89.6 117.6 143.0 148.1 177.0 209.3
5 131 412 66.6 505 76.0 110.8 90.4 1193 149.8
ENES
R1(C1-C0)/25 R2(C2—-C0)/50 R1(C1-C0)/25 R2(C2-C0)/50 R1(C1-C0)/25 R2(C2-C0)/50
) 1 125.7% 90.0% 74.7% 96.8% 985% 122.3%
B2 1189% 107.0% 101.9% 91.7% 95.1% 113.8%
’g 3 84.9% 93.4% 105.3% 101.9% 159.6% 124.0%
2 4 1223% 84.9% 112.1% 107.0% 115.5% 1223%
5 112.1% 107.0% 101.9% 120.6% 1155% 118.9%
[AY% 145% 10.4% 14.4% 10.7% 22.0% 34%
Fz2. VY ary7HBEICBI S8 K L EROR R
~ = b= ViEE (ug/mL)
D K Ll 1 2 3 4 5 6 7 AVE SD CV
s H 1 432 432 414 475 440 432 458 440 2.0 45%
2 83.8 752 82.1 70.8 82.1 76.9 786 785 46 5.8%
oH 1 198.9 198.0 1919 200.6 198.9 193.7 190.2 196.0 40 2.0%
2 141.8 141.8 139.2 141.8 144.4 141.8 141.8 141.8 1.5 1.1%
otz (1), B PICWIEE WA L (K3)e 72, [HEE

o)A JHERICEITBVEURKER SR
BET1E AV, THO 5 EIL414~475ug/mL T
&0, I TIZ44.0 £ 20pg/mL CEIIME = SD. LT FER),
BEREIZ45% ThH o7z (K2). T/, BEFZ20
S AT AE 1708 ~ 838 ug/mL, “F15 Tidk78.5 = 46ug/mL
L, EEREIES8% TH o7 (F2).

[ A, o0 o & B & 510 4 4 fiE 131902~
200.6ug/mL, FITIL1960 + 40ug/mL & 7% 0, BB
BlL20% TH o7z (F2)o 9H OB EZ 2 051 fili1X
1392~ 144 4pg/mL, F¥TiL141.8 £ 15ug/mL &7 1),
TEMREIZ11% TH -7 (E2).

zZ ¥

2= b UVEREEE & AT L 7oA, MBTH & H v
TPHEIIBWTO BWERERESE SN (K2),
ZOZEpn, sunklV AL ABLE, A4 s
OSSP BN~ = VOB LTI
MBTH O EAIEIC I RESHEE L AnWEEZ N
2o TMHBIEEIZOWTIE, By v /37 LB O
BRI L 20— FRICHEIE T & 2\ 7%, Tibbling 3 &
FMEPZNDEOBELX L TWE EALN, M
WL L BEOBN ST A L, MBTHIEEIRY Y = b —)L
OEREE LTI T 5 & E 2 b,

MBTHH#IZ BT 2L, ~ v = b= Vi
0.5mg/mL Ti&20%5 F T4 WCWBOLEDS LA L, D&

0.1mg/mL Tl3424r TOI31IZE L, DIRED R I
JEE LA LT TB ) (X3), #EerREaRENE
WIXHED D 50 KEDS (1975) 3KFOMEFLV LT
VT REMBTHIZ L ) 26 387254, 1&628nm
BT WX 145 RICRARIEL, DIBE17RER
T—ETHILIEEZRLTWD, 2O LHhbransk
VAT, ATy REY o8y, By =)L
FALOWT N TEDFHE L, MBTHD R HEZEN.
BhbhizeEZzbN5, ZD7H, MBTHEEIZBWT
B O BOBIREEIC T ET 2L EFH Y, SUSFR
WZEPELLYE%EE, e TRERZ T 570 L
DS LETH %o KIBFFIZOWTIE, RECIEIMm
BB CHEE D 5 220455 % R L7248
) 7 SUSHERR 12 DWW TIEE 2 A DB TH 5o
WIFENERAE T, WIno AoRHZOWT D
0% LLNDRETHNTE TV LR LS 5 — T,
20% UL EDOBESE LU TWERE LD -7 (F), I
WZ9OH DA TIERI TS B 350K, R2TIESEHRT
NTTERENI0BLLEE 2> TS (ED. 9 H0HE
126, SHORB L IRB L~V = b= VIBEDNE L o
TBY, WO~y = b VIBEP GRS E L
MRS DH 5. v = b= ViRENR IRV 6 HOR
BHZDWT L, RIDFEED S B AT T T10%
DikEZotzns, —hiTe ADEEDOR2, 8 HDOHED
R2 Tl 57k 4 3B CRAZE DS 10% LT CThH - 72 (R 1)
O EMNS, MBTHIEIC KL D BEL S cE b~



== VigEReAORB o258 ADREEDC2D
EEET, 375 50ug/mLA 5 150ug/mLAHE & E 2 S
N%

MR LTI, 8H OB OLEIREIL45%,
58%, 9 HOFETIZ20%, 1.1%THo72 (F2), 9H
DOFEEESHOHBZIE T 2 L, OHDOHEIZTV T
bV Y= b= VIBEANI00pg/mLU EE o TBY,
100ug/mL PL I i BT T D 3R L oA DR EE AR E S
BHERIBEENG,

MBTH %1%, MDH & i LCTd, IR ULT
BB O EEEBIREORE 2T R ER, Kk
DONAD DNy 7 7T v NERIRERT L LB
W, DI TENSL, F72, TibblingHik B L TH,
MBTH {ED WA MB TR % <, RO TF AT
Hhbo —H, Y= b= WVPHORET VT =R, VI —
WHERE 2 T 2 I DAEIET 2 HA121E, Zns o
BhH 3 BVATIVT e FPEET LHRESH Y, 5
MRS T 3 %,
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