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Determination of the sucrose content of sugar preparations by quantitative NMR analysis

Tsuyoshi MATSUMOTO*, Kazuya NOZAWA*, Yasuyuki ENOMOTO* and Hiroshi NOGUCHI*
*Tokyo Customs Laboratory, 2-7-11, Aomi, Koto-ku, Tokyo 135-8615 Japan

Recently, proton quantitative NMR ('"H-gNMR) has become widely used as an absolute quantitative method to determine the

purities or the contents of an analyte without a standard analyte material and calibration curve. In this study, we determined the

sucrose contents of two kinds of sugar preparations (The mixture of sugar/sorbitol, and sugar/salt) by two methods using

'H-qNMR and HPLC analysis. For the 'H-qNMR quantitative analysis method, we used calcium formate and potassium

hydrogen phthalate as a standard gNMR reference material. As a result, we got about the same value for the sucrose contents

between the'H-qNMR and HPLC analyses.
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7u b UEBIRIEE St (H-NMR) 13, 5 FHOKER (7
2 k) REEBRT S FETHY, 'HNMR 27 MLORIE
SR R OMRAT Stk 2 i LT 5 Z L2 XY, BHENAES 0
EHEISESCHRT AT e b DEALLEE LS.
'H-NMR O Z OE®RM, F—0FHOEESHTIET TR, #i
BFOEFEICEBVTHER YIS bDTHD. Lzn->T,
ERTET (Analyte) Z&HT 50kt (Sample) &, HMEEEEMD
g (LLF, NEEAEENE (QNMR reference) | &5 .) O
FEAETNIREZFEL L T 'H-NMR 227 FAZRETIUE, £
BIZHRT HEFOMELNGREN SRS DG RE BT
TENTES. IN H BEBEBEKIEBSRE (LT,

MH-gQNMRJ &1 9.) DFETHS 19,

H-gNMR 3, 2014 4E 2 H |25 16 t(IE B AR 558 B <4
FEABRIEIT, 2018 4F 1 AICAARLIEEHK (I1S) O@ANIH =
N5%, HELENY ZRECODERFIETHY, BERES 0
~ /7 7%k (HPLC LK) oA A7 v~ h77 7k (GC k) 1oft
Fasnbrsuv b7 7EEZRGEER S B LT, ORIENS
Ry DIEMERNARE T 5, QBRERRDOIERARE 72— AL
Rk (WEBOREEL 2 DROFEWEEZ RV, EhL e Olikic
BNTHMOLFEMEOWMERZ I )71E) T v REEIEN
5, QF EHLYEYE | CFRGHEEY'E (Certified reference material)
ERWD Z L TEBEEMR (SD N L—Y T AREHEEORVE
ENERETH D, QEBOBERNL, @HPLC {EL Y LEERE
DTN DRBEARIDN/ NS WE, fRale ATy MRBHDH 1D L
72535 T, 'H-QNMR Z BB 2 Af A OERICH AT 2 2

* R BIBIERT T135-8615 WRHENLEXHFWE 2-7-11

ENTENL, FOEMERLHIEMOEEES BT, FEFICHH
ThsrEEZLND.

—fRIZ 'H-qNMR OREER OFRRUZ IV T, B mg OFERER
HEARD BN, YL T I 7oK (B/NORE 0.0001 mg)
FXI 7 v K (R/NRRE 0.001 mg) BETH D . filx
EHEFERERARR LD (47—, F8H] ° <7 u—
v, EBA T, YAV NI I 7 aRKBEERAWT, B Sme, E
EHEEYE (B IGEEHEEYE) & LT 1L4-BTMSB-ds | mg
EREICROVRD ZEBHESN TS, BB (L
T, TYEM] 2 9.) T, ZhLORWEREBEZAA LT
RNz, BEII e R (R/NERE 001 mg) EHWTHER
THILIZRDN, BEII Ve RKAEEE mg A —F —OFREICH
WG, iR UFSE (Repeatability) (2R W CHIENRH D L& %
bid. F, BEREHIRWE TH D Z ERZ N2, FEE
WS NWEERBRICRERIES2E (BAWIHRY) BELS
AREMEA EV. TS OEBAND, YEFTO 'H-gNMR OF| A
IZBWTC, Hmg O EIIREY THL EEZLND.

Z ZTAERICE VT, REROVERARSEYE 24 mg L
D RIGICEE LT E L, BRI AR L7-1%, * DOFEIR

(LAF, T—¥¥&#E (Primary sample solution) | £>5.) O—&%
BREL THAIR L7 b O 2 JEVIK (test sample) & §25 2 & & L7z,
£z, Bl EAEEME OB RREZIZ 57280, RAAEEDE
FEOVIEM GRS OWT e L R 208 LT, P wE) &
W) B L, M E OME 2 SRREEEE I L EIE LT
%, ZoMNMYWEELEERAEDEL LTHVWDSZ LTl

AWFFETIE, BBITIIT 2 RS D3 C HPLCIEIC K D
BT HOHENEVIERE S O R a—2 (Fig1) ZRIEx
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Fig.1 Chemical structure of sucrose
—
I
2. £ R
RN
21 H#

ABFFEIIE, LUF O 2 FEEORE A AV 2 (O3 b A T,
BABIRE S 2106.90 BOWHTH D).

HEFA W (K983%) VA R—L (K17%) DIRA

BB B (W83 %) &M (K17%) DRA

22 HE

221 PRIMEEME
Wi EOMERED DO ERAIEEYE L LT, SI FL—

BTN TAEAT T A SN T RAEEEYE (Certified Reference

Material : CRM) T 5P A F )L ALK (SIGMA-ALDRICH #

#, J# : Standard for quantitative NMR, TraceCERT®, Product No :

41867-1G, #E : 99.96+0.15%) & A 7=.

222 fhiE
AR DOR 7 v —2EHERED 2D OEBREEYE (4

WE) LT, ¥hN v (SIGMA-ALDRICH #H84, Btk

BioUltra, Product No : 21134-250G-F) &K ON7 X VERKF A U 7 A
(SIGMA-ALDRICH #:#4, #1#% : BioXtra, Product No : P1088-100G)

R,

223 ZTOMORE (BEKFLBE HPLC RIERBEHESE)
HqNMR #il & o & K £ &K & L T, =|K
(ISOTEC/SIGMA-ALDRICH ##4, Product No : 151882-100G-N,

BEKFEFE 1 99.9%), HPLC HIEOBEMRL LTT F=FU b
(MiE b5, mEkiks v~ ), 38 A © HPLC JIED

PIZEME L LT V'Y (Bh7 o v AFumigidiy, 3

Ff%), 0k} B @ HPLC HIEOWIEEME & LT D-(—)-Y/LE K

= (BL7 4 v SRR, Fot—fk) & Fve.

23 X
XP205DR (A T — b L R 35/ MR 1E 0.01 mg)

24 B

Smg AEHESH (b LR RUETHERL, JCSS BUIERER EA &)

~Af7uabtXy ~ (=FV a—#H, Nichipet EX, ZF=#iFH
1000~5000 puL, 100~1000 uL, 20~200 pL)

5mm NMR #EHE (27 48, EC-57)

15mL /31 7V (A EEEHER, SV-15)

50 mL =i (AGC 77 / 77 A48, TWAKI)

15mL~A27aFa—7 (UK

25 NMREERU 'H-gNMR DAIFE - ST
251 NMRZEE

EEiC : INM-ECZ400S (B AE 74L&, 400 MHz)
7v—7 :5mmFGRO TV X NG — Fa—rTa—7
(A ARE 18

252 'H-gNMR BIEEE

252 (1) #£ilB/5A—%
AREIZHEAT D H-QNMR JED/ T A —H%, LTOEED.
BHIASY SViE :-5~15 ppm Z & T2 40 ppm

T VB NG fRRE :0.25Hz

HpPEAE (7L

ANV :90°

10 3A Z g ] (4
BCsFhy VT L
HI—AFX¥y 22 H

FHREE : 8 [\l

IR :20~30°C (ZEiR)

252(2) fER/NSA—%
EEHEEWE & HIES RS OB EDEICE > TREE
EELINTA=FIL, UTFTDEEY.
O#RIH.L
c EEREEMEN D AF AR (CRM), BIERES
BXWEIINT T L ThDHGE : 5.7 ppm
c ERAEEYEN D AFILZLAR L (CRM), HIESRESY
N7 ZNVKES ) UL THDLYE 53 ppm
- ERAEEMEN IOV A, BIERR B AT 71—
AThDHGE : 6.8 ppm
- EREHEEWE R 7 ZNVEBKFET ) U L, BIESGEG 8 A
7 a—ATHILGE
OfuR LF B
AT a—R, AN LT ZNVEBKESD ) U LOT 1
kv OffgiEFRE (T) & REBEEEICZVREIEL, 7L AR
LAFBIFH (= MoK L7 HRFREI D AR 4 7)) 28T 0 765
PLEIZ22 2 X5 IR LIFBIFEAZRE LT (T D 7 (E0%H4A,
WAt 99.9%[E1HE 5 V).
- EEMEEWE E 12X E SRR OWT s e L

: 6.4 ppm

U LATHLEE S 120 #
- BRI ERUEYE K OVIER RS OIS XA LT L
TIERVEES © 60 b
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253 fREH
253(1) #*@IER
'H-NMR A7 MVOFFENTZEMEE, LTOLRY
ikt 7 =7  : Deltavs.1.3 (BARB )

BaESp g U (7L

ez (2 1%

RLFBAHIE =27k

R=2T A UHE  ~=2TVE

Ty C v a T E

Lispay il (BCHTTA T FAOsM

#30Hz (0.075ppm) ZHZEE L7z
253(2) 1¥> 7 ME
b5 7 MEOEHEER LT O X S IZRE L.
- EEMEEMEIC Y A FL ALK 2 AT EE
TAFNANLNR L DAFNVEDT | k3.0 ppm
- ERAERMEME XTI N T L AWESE
FEEH N T LDRNVINEDT | 8.3 ppm
- EEAEMEMEIC 7 X NVBAKRE ) U L ERNTSGE
7 8BRS ) O LOIREESIAIOF R 2 7.5 ppm
254 EHERHK
TRORIZLY, HAHEOMEROREFOR T v —2AEH
sBEREMH L.
Pa=(La/ 1) X (Hyy/ Ha) X (Ma/ My) X (Wer/ Weample) X Pry (Eq.1)
ZZT,
CMEELITEERE (BAL: %)
T VRE (R E)
D KEH (BREEDOKFEDOE)
CEVER (BT g/mol)
DEE (FEE) (AL : mg)
s BE R GLRSY
sample : WERIRALSY & &R T 230k
f : E AR
ThD. £, H OKFH) EOM (£NVER) 1T,
DAFIANER Y (CH0:S) tH=6, M=94.13
FWE AL T I (C2HCaOu) cH=2, M=130.11
TENVEEKFES D UL (CsHsKOs)  : H=4, M=204.22
A7 a—A (C;2H220m) cH=1, M=34230
LUz (ZHNBKEN Y TLD HIZEFRE v oo, A7
0—AD HIFZNVAa—Aa=y bOT ) AV v 7 7o kgl O
HThd).

IS X R TT g

Q

26 XEOF/NFTEBOAIE
APME 5 mg DIEFEESHFIOEEA 10 BuR LEEL, I
0 KFEOF/NHEME (Minimum weight) Wi, 2R RUZ L - THEE
L7z,
Wonin = X 2000 (Eq.2)
ZZT,
o FYESROE #a 10 EfR LRIE L T bR A=

(standard deviation)

2000 : ELEAREL 2 & FH RS E OFF AR (0.10 %) ThLU7-ME Gt
30 1 2/(0.10/100) = 2000)

2.7 HAMEOMEDAIE
271 FEBHLIHLOMEDRE

P AF VALY (CRM) 100 mg K ONFEE L3 7 259 200
mg % 15mL N 7VRICEEL, BEAK2mL 22 TERL, R
LY LT MWENERICER LI BE TR L%, 4
VAR 120 pL % NMR 2BHEICB LAY, FK 480 pL Z#sin L
THAR L BICRBEE 2ER L, LRA L bOZHIERRE
L, 'H-gNMR #ll/E %175 7z.
272 JHIEKEN) I LOMEDAE

PAF ALY (CRM) #9100 mg ROV X VERKFEH U
249300 mg % 15 mL /34 7URICAR & L, EK 4 mL 200 2 5
L, & D Lz, MENERCEMRLIZZ L% BIE TR L
th, MELIAIR 120 uL % NMR 3UEME 2B LA, K 480 uL %
BIMUCHERUIBRICEBEZER L, KARELZHOEAE
Wikt L, 'H-gNMR HIEZ{T-7=.

2.8 2% 0—RERALV= gNMR BIEE SO KT
281 BIEEERWKEREDJTFILORLEDEREE

RHPET 1 b BRI WA EA YO 'H-gNMR JIE T,
HIEEROBRE Z @< 32513 L SN b (Signal/Noise ratio) 73 <
20, BERE UBEORIZBWTHERAIEZRDD. LavL, #EHA &
O'BIL, Winb 1 o FHIZ8ELORMMET = b OKEERD)
ERHTHAIA—RAEERNETIHHOTHY, ZEOREZE
K (DO) Tt 5 Z &k v, A7 a—20KEEEDKSE (H)
LEARDEKFE (D) PRMSOLZEZ L, 8O H0 (HDHV
ILHDO) NAEUSD Z &2/ 572, FiREICH LTSN EE
K LThH, KERDOY ZF ML > TEEBNHES N LB D
5. FIT, BRI 0 —AFAWT, 'HqNMR ([CE D A7 71—
ATE RO REIRE & Bt Lz

£, BRI DEERETHLONEL, BEEZOET AN
%L, HqNMR A7 FMUKHSROEKR RV 7T AREN, |
RERBRICERDOIGT & 7257200, KEEKD T 7L ~D%L
EEME L TR Z LI, 5%, H-gNMR OF| 2 iR 2L
HOFEE A 7 10— R LIS DORTERF SR Gr~ & JER LTV B
WCHERTHDEEXD. KHERDL 7T LVORBLERSE D7
DITIE, k& ERAFEYE & EKICIEARE LT R R
L, H0 }x("HDO % BrET 5 FE (EHKFEAL : Deuteration) 73
BN ThHDHEEZLNDD, ZOFEEZAVD L, MEGRES
ThHAZ n—ALIIERAEENE G LIITOWT) %
AL, EEMEICREY BNELC LN SH. 22T, BKHEL
EAT oG E OFEER 7 0 — AOMBEZE L, FHRENTER&IZ
b2 5 EERAE Lz, WERKROFRR G EOMIER % Fig2 12
R



500, 200, 100 pL. -

22 FEE NMR (C L 2WPERR GO R 7 v — A DE R
qNMR reference
Calcium formate: 100 mg
KHP:120 mg Test sample Test sample
(Diluted) (Deuterated)
{jﬁf{ 300, 480, 540 uL.
DO i
' 2ri1L I _(I_)_ﬂ}l Ee_) ______ 2 kinds of test samples
Sucrose | : - Left : Diluted
500-600mg | : Initial Right : Deuterated
C\‘ ' : sample solution
J 1 ]
~ | ]
o (x3) (x3)
e @Shake M
—) - vial 1300, 120, 60 uL :
H A 1 600 L.
(x3) ! D,0 |
: ImL :
| |
' 1

‘ Semi-micro balance ‘

1
1 1
I Deuterate) I

¢

Shake
vial

Fig.2 Preparations of test samples for examination of 1H-qNMR conditions of sucrose.

282 TEERAEEYBEICXBOILSIVLERWSES
282 (1) EKFRIELAELES

FEEH VT T LK 100 mg K OMEHER 7 1 — 247 600 mg % 15
mL /XA 7/1/#& IFREL, EAK2mLEZMA CERL IRE S L.
WE NSRS LT 2 & & B CRERB L7o s, M3RIRIKR 300
pL, 120 pL )Szo 60 UL ZZ B NMR #REVE (128 LAR,
BHT 600 uL {2725 K HICEAKEMZ THIR LIZBICERL,
IKIRALELOERIEEK L L, "H-QNMR HIEE1T- 7=

282(2) EKFILTIHHEE
FE 2.8.2 ()DEAIK 500 pL, 200 uL KX 100 uL % 15 mL &

A T IVRIZE LA, 60 °C T 30~90 4y MIERR 1T > 1214,
HAK I mL 20 CHARL, EZENR 600 uL % NMR #EVE 2B
LANTER LI OZHERRKRE L, 'H-gQNMR JIEZIT- 72,
283 TEEREEMBEICTZIBKRA)ILEAVDIES
283 (1) EAKRFRILELAGEWEE

T HZNRKFET Y T LF 120 mg  OMEHER 7 v — 2] 500 mg
% 15 mL /3o 7»#@ HEL, EAK2mL ZxCERL, EE

I LT, WENERICEMR LI & B CHR L%, %4
W 300 ul, 120 uL F Y60 uL & Z LB NMR 3EHEICH

L AN, 8T 600l (2
wRL, LRE
7.
283(2) FEKFILTBHEHE

58 2.8.3 ()OI 500 pL, 200 pL &£ 08100 pL % 15 mL /XA
TV LA, 60 °C T 30~90 4y MIBIERCR AT~ 12%%, &

25 X OICEKEMZ AR LTI
L7 b OEHEIERKRE L, 'H-QNMR HIEZ{T-

AK1mL ZMZTERL, BB 600 L % NMR #UEHE 1T L
ANTERLEZLOEHIERKE L, 'H-QNMR #IEZ1T-5 7.

29 HHOAIE
291 TEEREEYBEICXBOILSILERWSES
291 (1) BEKFRELAGWMES

XEE AL 7 5K 100 mg J OBEH 700 mg % 15mL 231 7V
BICAEL, EAK2 mL ZI2 TERL, B 5 L. #kER

TR LT 2 & & B CRERR L7, MR%IRTK 60 uL % NMR
SEME I LA, BEAKS40 uL 2R %o L, K<RAL
b OEPEBERE L, 'HQNMR HIEZ{T-7-.
291 (2) FEKFLTSZEE

FF02.9.1 ()OI 200 uL % 15 mL /XA 7 /UICE LA,
60 °C T 60 4y RIBIEHLIR 21T~ 7214, BEK 1 mL 212 TIRfRL,
UELIRIK 600 pL & NMR FREVEIZE LA TER L2 b O 2 HIE
Wik L L, 'H-qNMR #I7E 21T 7-.
292 EERREMGEICTAIIBKEHYILERAVDGE
292 (1) EKFRELEWEE

T B VERKFE S U 7 L5 120 mg B ONRERR 600 mg % 15 mL X
A T VL Cﬂ‘ib HAK2 mL 2Nz CERL, IR S5 Lz &
BHENSERICEME L2 & & B CHERR U721, M3AEIK 60 uL
% NMR ﬁiﬂ”é: IBLAN, FAKS0 UL ZMAT-HRICERL, X
SRALELOZRERKE L, H-gNMR JIEE2TT> 7.
292 2) EKFRILTDHEHE

5L 2.9.2 (HDVERR 200 pL %31 7 UVRIZE L AT, 60 °C T
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60 Sy LR 24T - 7284, H/K 1 mL 2Nz CIafiE L7-%, 600
pL % NMR #EVEIZB LANTER L7 b OZIERKR & L.

210 HPLC OXBER URIE &M
2101 %8
Agilent 1200 Series (Agilent Technologies #1#)
2102 BIEEH
T A : Asahipak NH2P-50G 4A (% 4.6 mm X & & 10 mm,
K% 5 um)+Asahipak NH2P-50 4E(PN%E 4.6 mm X £
& 250 mm, RifR 5 pm) (WIS BEFNE TR

717 KR 35°C

BaEha : 7 b=k Uk =70:30

ik : 1 mL/min

AR D RZEBYTE (35 °C)

211 HPLC AIEARDFAE

B 1 g & 50 mL L& IR E L7z, 308F A 121315 % (wt/vol)
VY ARIRAmML (VY 06gHY) %, REBIZITY
ER—L 06 g #NIEEWE L LRI FRE) L7k, KK
40mL ZINZ THER L, 20 HEE L. BSENERICHEM L
o2 LB CHEGR Lok, MiAIK 600 pL % 1.5 mL v+ 7 1
Fa—TIBLAN, TERI=FIL600 uL ZHEMLZ. 10 43
MR L%, 045 um AT T T 4 VA —IC@BIR LIZ b D%
HPLC JIEEK & L=,

R OEAER 7 0 — ZAFRIZHOVTIE, A7 n—Z#04 g,
08 g LN12 g% S0mL LB ICENENEL, #EHA HIZIX
15% (wttvol) 77V Y UK 4mL (V&Y v 0.6gHY) %,
BB XYV E b=/ 0.6 g ZNIEHEWE & L CIRIN (FRE)
L, EORERK & SRR L7z,

3.1 XEOR/NGEMEDRERER

T3 I 7 o RO/ NHEEIE3534mg THY, EII /R
BERWTHET 2546, B mg TIEIREY THD Z LIRS
iz, ARFRICBNTIE, AR E IR 72010, R/hatill
L0 HEHITHEL, 100mg A EFETHZ L& LT

3.2 'H-gNMR IZ& BB OMEDRIERER

TAFINV AR (CRM, HE 99.96+0.15 %) % &A%
WEE LT, FBANVYTLRNT ZNVEEKES Y U LAOHED
HIERITOT-REER, XEEI /L T AOMEIL 99.90 %, 7 XLk
KFEAY 7 LAOHPEIX 99.75 % T, W HIHHEHERZ (RSD)
23 0.1 % RO BF R B O (Table1). BIF, 205
OWEEEEREEME L LT, BP0 R 7 o—2EF 842
EL=.

Table I Results of '"H-gNMR analysis of calcium formate(CF)
and potassium hydrogen phthalate(KHP) in D,O (1)

Chemical shift Number Calculated purity RSD(%)
Analyte | (ppm) ol (%) )
(tH ()
CF 8.3 2 99.90 0.081
KHP 7.5 4 99.75 0.052

+! Chemical shift reference : Dimethyl sulfone (CH; x 2) 83.0 ppm

12 QNMR reference : Dimethyl sulfone (CRM) 99.96 0.15%

+3 RSD (Relative standard deviation) were calculated from nine data that were
obtained by three test samples ( = three sample preparations) and three times
measurements for each test sample.

33 ZEFEX/O—XEALVZ QNMR BIEEHOREHER
331 RUO—RDOEEAVTFILOEHER

BHER 7 11— 2D 'H-NMR A7 ML RO 7LDl %
Fig3 (R d. A7 n—R 1L, Z//va—2A (Glucose/lg) N7 /L7
k=2 (Fructose/f) MH725 _fETHY, FLa—Az=y +®
T Ay Ta hrovsd (gl) OBRBZKERDOT T
L0 bEEREANCRE S, EhS o7 e R 3eT, Kl
ko7 F N0 RBBEEANCHRH S 2. Zh b OB
WD 7 FEEE, 8HE A7 —1 O 'HNMR A7 LV CIEsmBkE
LCNAEIICRADH, YE#EILRKLCADE, 7L
DT L TR, TR LN 2 L SR ST,
Lo T, AETIIAZ u—AD gl VI FILOHREEEIHND
kLT

@

6
CH,OH CLHZOH water fe f1
oH O_ H
ol R 2 5|
HO 3 s ==t CH,0H | g5
H OH OH H 3 f5 ‘.. l
Glucose unit  Fructose unit fdl" .
(g) (f) .. |33 g2 g4
o | ]
I| J
(®) |

uw/ \vu Nm

Fig.3 '"H-NMR spectrum of standard sucrose in D,0.

3.0

332 HEREDHRITHER
3321 EKFRELEWNEE

'H-qNMR A7 FLVORIERIE LT, &R HIEEWE Il
N B ERWEEA D 'H-QNMR A2 kL% Figd-1 (Y #ih~
NA—)V) kFFigd-2 (YBHER) (R d. 7z, FEX 7 n
— Z DM ORI EFE R % Table 2 (27T (EAFILEIT> 7254
i),

HIEVAIR (test sample) DYRENE < 722 &, S/N [ (Signal/Noise
ratio) 23] £ 323, [FREICAKERO S 7 F iR T m— RiZky,
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'H-qNMR A2 MDY Biayi R L THhDE, KERDT 7
IVDSLH ERY BRI a—RAD gl T I)VEERD I EDER
STz, ZDid), BCH T T A b ZF DM 0.075ppm % B
LT HRNENHEEZIRD &, YOR—2T7 1 (Ef) &
STFNDR—RT A (HiIFR) & OBITHR—E (Gap) BAL,
BRI EENDLRE VT T LO—EG RS BIML, 7%

FE R MR (T L D WHER S DR 7 1 — 2D E &

SIDMTZIRNZ LB L7 (Figs).

SRRFTLZRED 95, —KIFIK 60 uL % NMR REVEIZH
L, /K540 uL TI10FICARLIZBAIC, KEkRDOT 7 Lro
MHBERY ERT O =D gl VT FTNDOE—R—F v TRIFE
AEBHISN2L IpolzZ Einh, ZOREZFE A LO'B OH|
ERRET DL E LT

water
(@ (HCOO),Ca
" 1 | 1 1
/ (@) | L
gl || I \ ‘ |
SN : 7280 SN : 2900 I I JJ ﬂ Ji H ’ ‘
100 9.0 8.0 7.0 6.0 50 40 3.0 20 J J VY
® o LI
| |
SN :7080 SN :2520 | 1 “ﬂbdﬁ UJ \U J ;
00 9w 30 70 60 50 e 30 20 mu‘ | N ——
' Tl
© © | ‘ I “ '
SN : 4110 ‘ SN - 1430 ) L1 o w U d “
: o I ORI I, W - - -
10.0 90 30 70 60 50 40 30 20 100 90 80 70 60 50 40 30 20
Fig. 4-1 'H-gNMR spectra of the mixture of standard sucrose and calcium Fig. 4-2 'H-gNMR spectra of the mixture of standard sucrose and calcium

formate in D,O (Y axis: Full scale).
(a) Sucrose: ca. 150 mg/mL, Calcium formate: ca. 25 mg/mL
(b) Sucrose: ca. 60 mg/mL, Calcium formate: ca. 10 mg/mL
(c) Sucrose: ca. 30 mg/mL, Calcium formate: ca. 5 mg/mL

formate in DO (Y axis: Expanded).
(a) Sucrose: ca. 150 mg/mL, Calcium formate: ca. 25 mg/mL
(b) Sucrose: ca. 60 mg/mL, Calcium formate: ca. 10 mg/mL
(c) Sucrose: ca. 30 mg/mL, Calcium formate: ca. 5 mg/mL

Table 2 Results of "H-qNMR analysis of standard sucrose in D,O

Transferred vol Concentration of the Caleulated
Primary rans e.rr ed volume . Added volume of test sample Signal/Noise ratio a cu.a ¢ RSD
qNMR . of the primary sample |Deuteration purity
reference concentration solution ) D,O (mg/mL) %) (%)
(mg/mL) L) (uL) GNMR [ o | gNMR | Sucrose ( T‘;) o)
K reference reference | (gl signal)
300 pL to NMR tube No 300 pL to NMR tube 25 150 7280 2900 - -
gNMR 120 pLto NMR tube | No 480 uL to NMR tube 10 60 7080 2520 - -
reference:
Calcium 50 mg/mL 60 pL to NMR tube No 540 pL to NMR tube 5 30 4110 1430 99.85 0.15
formate 500 pL to vial Yes 1000 pL to vial 25 150 11660 5170 99.70 0.062
Sample :
300 mg/mL 200 pL to vial Yes 1000 pL to vial 10 60 6280 2660 99.98 0.12
100 pL to vial Yes 1000 pL to vial 5 30 3450 1450 99.86 0.21
300 pL to NMR tube No 300 pL to NMR tube 30 125 2120 4140 - -
<11CNMR 120 uLto NMR tube | No 480 uL to NMR tube 12 50 1200 2110 - y
. reference:
1;0?55‘“"‘ 60 mg/mL | 60 uLto NMR tube No 540 pL to NMR tube 6 30 590 1150 99.80 0.31
ydrogen
phthalate 500 pL to vial Yes 1000 pL to vial 30 125 2990 4740 99.66 0.10
Sample:
250 mg/mL 200 pL to vial Yes 1000 pL to vial 12 50 1380 2310 99.78 0.068
100 pL to vial Yes 1000 pL to vial 5 30 610 1120 99.92 0.19

+! Deuterating conditions: The primary sample solutions were dried for 30-90 minutes at 60 °C in vacuum oven.
+2 Hyphen (-) means that accurate integral of sucrose gl signal were impossible because the foot of water signal and sucrose g1 signal were overlapped.
+3 RSD (Relative standard deviation) were calculated from nine data that were obtained by three test samples and three times measurements for each sample.
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Fig. 5 Gap between signal baseline and integral baseline
(a) Sucrose: ca. 150 mg/mL, Calcium formate: ca. 25 mg/mL
(b) Sucrose: ca. 125 mg/mL, KHP: ca. 30 mg/mL
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Fig. 6 Fragment signal in the mixture of standard sucrose and potassium
hydrogen phthalate (KHP) in D,O after deuteration

(a) '*C decoupling: OFF

(b) 3C decoupling: ON (Decoupling offset: 130 ppm)

(c) After addition of standard glucose ('*C decoupling: OFF)

(d) After addition of standard glucose (**C decoupling: ON)
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Fig. 7 '"H-qNMR spectra of sample A (sugar / sorbitol) after deuteration

(a) qNMR reference: Calcium formate

(b) QNMR reference: potassium hydrogen phthalate (KHP)

and (c) 'H-NMR spectrum of standard sorbitol

Table 3 Results of '"H-qNMR and HPLC analysis of sample A

Repetition measurement for each test sample Whole 3 test samples
Sample Analysis method Deuter]ation Test Average RSD Average of SD RSD
D) sample Runl Run2 Run3 %) %) 3 test samples ) (%)
number (%) ()
® 83.72 83.74 83.60 83.69 0.091
No @) 82.74 83.04 83.38 83.05 0.39 82.91 0.819 0.99
(qNM?{I\?::/;zence : ©) 81.32 82.20 82.41 81.98 0.71
Calcium formate) @® 82.79 82.48 82.42 82.56 0.24
Yes @ 82.23 82.37 82.24 82.28 0.095 82.37 0.193 0.23
A ©) 82.25 82.14 82.42 82.27 0.17
@® 82.57 82.33 82.30 82.40 0.18
Sugar gNMR No @ 83.17 83.57 83.63 83.46 0.30 82.70 0.598 0.72
and (QNMR Reference : ® 82.42 82.35 81.99 82.25 0.28
sorbitol | potassium hydrogen ©) 81.86 82.17 81.89 81.97 0.21
phthalate ) Yes &) 81.78 81.75 81.76 81.76 | 0019 81.97 0208 | 025
©) 82.30 82.16 82.09 82.18 0.13
® 82.73 82.86 82.84 82.81 0.086
HPLC No © 82.54 82.20 82.55 82.43 0.24 82.84 0.390 0.47
©) 83.49 83.18 83.14 83.27 0.23

11 Deuterating conditions : 200 pL of the primary sample solutions were dried for 60 minutes at 60 °C in vacuum oven.
12 SD (Standard deviation) and RSD (Relative standard deviation) of whole three test samples were calculated from nine data that were obtained by three test samples and

three times measurements for each sample.
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Table 4 Results of 'H-gNMR and HPLC analysis of sample B

Repetition measurement for each test sample Whole 3 test samples
soe | mpssmaod | P [ IS T T ] e [ s [ s [ e T TR
number (%0) (%) (%) (+9) )
@ 81.12 81.41 81.33 81.29 0.18
No ©) 81.36 81.25 81.51 81.37 0.16 81.38 0.141 0.17
ANMR ® 81.41 81.61 81.40 81.47 0.15
(qNMR reference :
Calcium formate) @ 82.03 82.27 82.15 82.15 0.15
Yes ® 80.78 80.87 80.70 80.78 0.11 81.75 0.731 0.89
B ® 82.39 82.22 82.31 82.31 0.10
) 81.69 81.94 81.74 81.79 0.16
Sugar GNMR No ® 82.41 82.58 82.26 82.42 0.19 82.08 0.296 0.36
and (qQNMR Reference : ® 82.06 81.93 82.09 82.03 0.10
salt Potassium hydrogen ©) 81.46 81.62 81.50 81.53 0.10
phthalate ) Yes ® 82.46 82.46 82.48 82.47 0.014 81.53 0.817 1.0
©) 80.57 80.49 80.70 80.59 0.13
® 81.97 82.27 81.91 82.05 0.24
HPLC No @) 81.27 81.12 81.48 81.29 0.22 81.78 0.421 0.52
©) 81.66 82.32 81.98 81.99 0.40

+! Deuterating conditions : 200 pL of the primary sample solutions were dried for 60 minutes at 60 °C in vacuum oven.

12 SD (Standard deviation) and RSD (Relative standard deviation) of whole three test samples were calculated from nine data that were obtained by three test samples and
three times measurements for each sample.
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