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Simple and rapid quantitative analysis of food components by *H quantitative NMR with water suppression

MATSUMOTO Tsuyoshi*, WATANABE Sota*, YAGI Jun* and NOGUCH]I Hiroshi*
*Tokyo Customs Laboratory 2-7-11 Aomi, Koto-ku, Tokyo, 135-8615 Japan

IH quantitative NMR (*H gNMR) is an accurate quantitative analysis method which is used for measuring purity of high purity
organic materials that contains almost no impurity. Generally, it is difficult to accurately determine the components of food
containing large amounts of water and many components by *H gNMR.  In this study, acetic acid content in four gingers and
two umeboshis, sucrose, glucose and ethanol contents in four fruit juices were measured by *H gNMR with water suppression,
without complex pretreatment during preparations of NMR test sample tubes. Presaturation method and water suppression
enhanced through Ti effect (WET) method were used as water suppression, and three certified reference materials (dimethyl
sulfone, maleic acid and calcium formate) were used as reference standards for gNMR.  *H gNMR with WET showed small
relative standard deviation (RSD) under 1.1% and a good recovery rate of 97.6-101.4%. As a result of comparison with
conventional methods (Acetic acid, sucrose and glucose were measured by HPLC method, ethanol was measured by distillation-
vibration type densitometer method), it was found that measurements by *H gNMR with WET were basically in agreement with
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measurements by conventional methods.
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ORHLE L LT, BB L > CREMR UK ERET S L0 D
FENDHD 3, @H, ZOX D REIEIIIEZ K227 & HFHE
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B OBEIGIE & PFG IZX AT H LE 4 MK Z LT
TRIEAE 5 % 1254 % Water suppression Enhanced through T effect 7

(WET®®) O 2oOFEEZBRH L LT, Zhb0KEZHEE
15 & HONMR O AA D% Z1LE i, [Presaturation-tH gNMR
KOV TWET-'H gNMR] & &G 9%). gNMR FEEWE 2% 3 fl
HEOFGHERERYE (CRM) &AWV, RERAE OB E{LD-, F
AN AL OEAKBRZRIL, HH L. ROVt gk
L, WA OGP (6 F) T OFFEEN ONC Ry EEE (4 F)
HoRZa—R, FLa—2RR=y ) —LE& L, GEHEREICE
I B MR U, IINEIGRER IC X 5 EBIEOMREIT o7, e,
HPLC {5 DRI D FIEIC L D E &S T L TITW, KIEBHE-H
qNMR (2 LD HIEME & i L=, 25 0RBRIZ LY, BriZ WET-
H gNMR IZBW T RAFRFERNG OO TRET 5.

2. £ B

2.1 #H#
211 BEERUVAREE (BFEMA)
DU ekl Z i L CRBRICHE L 7=,

WL X 90 2 (WA
FRL £ o2 27 (Ffifldh)
A 27 (i)

212 BH&¥H (Ry0—X, Y)La—R, TH/—)ILAH)
UTFoRBHZ= 4 /=L %#05% (BFESE) mRNL-b0%
ARERIZ L L7=.
TL—TTa—2R
T INY a— R
FLoTVVa—A
TV —TT)N— 2 —R

A8 (ifkedn)
1A (ifken)
1 (k)
1 (k)

22 HE
221 FHREME (GNMR BEEDH)

SIGMA-ALDRICH £E22% *H gNMR A ORGEEH#EYE & L TR
FEENTWARELEE (TraceCERT®) DOHN G, KICIEMEL, 7
—HEMRE G52 DU T OWEEZBRIR L THER L.

CAFNANKRY (99.82+0.18 %)
~ LA g (99.98+0.13 %, 99.94+0.15 %)
XN T N (99.58+0.21 %)

222 ZTOMHAESE

/K (ISOTEC/SIGMA-ALDRICH #1:#, F/k &5 : 99.9 atom %)

FElE (WIEALSARRY, SRSERER)

% /) —)995 (BAR ks, 1k ELFaT7—3—7
EMMATHRE L, MHERNIEOSEE L THWEZ)

27w —A (IBFGARE, SR ARR)

D(+)-7 va—A (IBFEMsALR, BB, 40 °C C 4 FEfH
BIEHR L AW, )

FL ¥ 27— —7 3A1/16 (B EAER)

AT £

23 HAERE
2.3.1 NMR
HHEAM  INM-ECZ400S (H A F+EH, 400 MHz)
7r—7 :5mmFG/RO F YA NFA— Fa—rTFu—7 (H
AR ETAHIY)
2.3.2 HPLC
Agilent 1200 Series (Agilent Technologies #1:%)
233 RPATES
DMA 4500 (Anton Paar #1:%)

2.4 KIEESHEE-HINMR DRIEEYE, BNEHRUHER

241 FRAEEH
BIIA S R LViE
F B VAR

: -5-15 ppm % & ¢ 40 ppm
: 0.25 Hz (Presaturation-*H gNMR)
0.30 Hz (WET-'H gNMR)

BLH L : 4.67 ppm

REbE Ay : OFF

7V v :90°

B Y 3A FxIREE : 4.0s (Presaturation-*H gNMR)

3.2s (WET-'H gNMR)
BCT Ay 7V T OFF

=A%y 22 [

AR -8

MR LA B IREfH :120s

R :20-30 °C (=R, EEFEARL. )
2.4.2 Presaturation M5

[T N : 4.67 ppm

PR IRE R 1155
2.43 WET O&#

WET »OLV A : SEDUCE

PFG M IREH] :2ms

PFG 5 : 0.144 T/m

PFG & : SQUARE

PFG [F11 IR
2.4.4 fRWTEE
iy 7 k=7

:0.5ms

: Deltavs.1.3 (B A 4L

FaqEa g Ui sl

turq Vs 2

AR IE o TR

R—=RAT A UHIE v =a2 Tk

&5y =Tk

b5 7 MEDIAE : Xl v 4 (8.2 ppm)
245 FER

Pa = (la/ Ief)x(Hrt/ Ha)%x(Ma/ Mef)% (Wit / Wsampte) X Pr (Eq.1)
ZZ T,

P : B (g/100g)

A TR
s kFEH (EReikokFEOH)
:E/VE=E (g/mol)

T -
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a  IWTRE G Y
sample : 0k
rf : gNMR i EE 4 e
EEWTD.
AN SHIEOWGIEEME (rfL, rf2, 1f3 & 3°5) OEAEIR
(CRM &ik) ZFHBL, ERICH W72, CRM IRIK ORIy
BT 2B EE w, PRI CRM IR OB &% Werm
we T D E, BT W /2
Wiri1= Wit/ (WrfL + Wri2+ Wiris+Wp20) X Werm 0
THHEND., AFFEETHOEYWEOEVER, KAEESOFHR
% Tablel (27”7,

Table 1 Information about substance for *H gNMR analysis.
MwW Number
Substance Formula Proton type
(g/mol) of H
Dimethyl sulfone C,He0,S 9413  CH3x2 6
Maleic acid C4H404 116.07 HC=CH 2
Calcium formate C,H,Ca0, 130.11 (HCOO)x2 2
Acetic acid C,H40; 60.06 CHs 3
Sucrose C1oH2,011 342.30  Anomeric H 1
Glucose CesH1206 180.16  Anomeric H 1
Ethanol C,HsO 46.07 CHj; 3

25 RIMEEMBEOEKBFK (CRMFK) DRAH
3FHDORIAEEME (CRM) DfF S E ARk > L o1z,
DAFILAILR K 64mg, ~ LA UEER) 118 mg B ONEER A L
T LK) 131 mg AL L0, FEK AmLIZIERE LT BRI

BL, B2 BEE HRIEWE 57,

2.6 EERUVARETREHOERE
2.6.1 KIEEBHEHINMR IZ& 2EFEEDESE
26.1.1 HHEOEE

FBH 19 & U CRM ¥4k 160 uL % 15 mL A& 1213 &
v, EARSmL 2 TELSRBALEE, BLOML TGO
PR 600 uL & 5SmmNMR BEHE (47 I, EC57) 12 L
TEHR L. 2oz 1 3 pHC>% 3 [{T-7-. Presaturation-
HgNMR Y WET-*H gNMR & %12, FE#EC 3 [alffuR UIEIE %
1T-7=.
2.6.1.2 HRMENREER

FBH100g M 72V 0.5 g DFEER A TRIN L 72 b O Z I[N R
AR E L, BI85 0.5 g X1 CRM ¥ 160 uL % 15 mL Zi=
WEIZIEY LY, BEA3IML 2MATEIRALEE, BLY
B LT3 572 EVER 600 L & NMR BUEHE TR L TR LT,
ZOFEA 1 ifkicox 3[@4T-7-. Presaturation-'H gNMR J (X
WET-'H gNMR & 12, FEEfREC 3 MR LIEEIT- 7%, &
KIZEVENLE (%) ZHEH L.

ELER (%) =3 100 g 472 0 B L 72 FRINIEIIEER
IR DFERE & A B — 3k 1009 2472 ) OB ORI S AR / R
£ 100 g 2472 0 OFFERERINE X 100 (Eq.2)

262 HPLCIZ&BEFEEDTEE
26.21 RKAEEAIE

FLRBANIC I 2 FIEICHEL TR, NIEMEIE CEZ&EIT 72

(5 mRE). /bbb, RE10-12g FREZ E—D—ZiE0 &
v, a1y LOHENT N U A409 ODAST2500 mL & M1
HIEETZ T AR B0mML TH LA, WL LT @E%s
MMZ 7= 500 ML HAAT T Aakzime L, EROTLICETD
FCKEREEEIToT1-%, KTERL, 74 NM¥—Ai (045
um) L7=b®D% 320 HPLC fi/NA T/VIZoiE LTz, Z ol
LEEHZ 2 & 3EHTV, M AR (5 X4 ) & RHMRIK

(3B X3 [A]) DHEEEIT 7.
2.6.2.2 BIEEH

717 2 @ SecurityGuard AQ C18 (A 3.0 mmX E S 4.0mm) +
Synergi 4um Hydro-RP80A (PN£% 4.6 mm X & & 250 mm, Kif% 4
pm) (W3 Phenomenex #:d)

T AN :40°C

BEA 220mM VU g TOKFE U T LoKEEHE (U
VERTKFES Y 7 L5469 &1L LD, KT 2000 mL A A
T7IAIHBLAN, VYR L2mL AT BICKTER.)

it : 0.6 mL/min
AR £ 20 uL

M EE : DAD (210 nm)
T B[] : 60 - 90 min

27 RASHFORIO—X, JILA—RARUVIZ/—ILDEE
2.7.1 KIEEHEHEHINMRIZELBEE
2711 HEOEE

R 640 UL XN CRM A 160 uL % 1.5 mL = v v F o —7
WZiE0 Lo, K<EA L%, mO0REL TS b BT 600
UL Z NMR BREVEIC L TR L. oz 13shc>% 3
[B14T > 7=. Presaturation-‘H gNMR & (Y WET-*H gNMR & %12, FF
e T 3 ENR LIIE 21T - /2.
2.7.1.2 FHMEYREAER

wWEHZ A7 v —2, Jra—ARk Ry ) —VEFRMLIELO
ZUINENGER FH Ok & L, ik 640 uL & U8 CRM ¥R 160 uL
Z15mL Ty _RrFa—TEnn Ly, IRELER, i
AYEEL T b7 BB 600 uL & NMR sUEHMEICB L TEK L
7o, ZOFEE 1 KRikico& 3[E{To72. Presaturation-*H gNMR
K O'WET-tH gNMR & %12, FEiE C 3[El#R LRIE 217 - 7214,
FEE O (Eq.2) & FERIZEIER (%) &MLz
272 HPLCIZ&ARIO—RRUTILI—RADEE
2721 BKAREAE

BLBASIATIE No. 108 TH-FHH D L X Sy O E S imiE) ICH#EL T
TR, MxHRERIETA I B—AROT LV a—ADERE(T>
7= (5 FfmE). 2k, FGHEIZIEs Vv a— 20 EEiiHks
NTWRWD, FEEOWAM RS RETH D20, Fra—A
LOFECTER L. bbb, #EE e —b—I12idnn &0, K
T10 ML FEART TR LANTER LK, 7407 —
A (045 pm) L7zb D% 350D HPLC /XA TV LTz,
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Z O AE 1RBHI D& 3EUTY, MR (5 5 X4 E)
LEBHRTE 3R X3 ) DRIEEIT- 7.
2722 BIEEH

717 2 Asahipak NH2P-50G 4A (N£% 4.6 mm X £ X 10 mm,
K% 5 um)+Asahipak NH2P-50 4E(PN4% 4.6 mm X £ & 250 mm, %1
L5 um) (W3 s e TAEE)

H1 T NIRFE ;35 °C

BEH 7B =k Uk =75:25
T : 1.0 mL/min

FEAR 12l

iigs  :RID (35°C)

HERERT : 20 min
273 EB-ERIXFBEZICLST7ILa—ILE (voln) DEE
BBGE RIEBIFRE 22 FTE 2 1TV T, [RIFEE 20 05 22 #
FTOTNVa— )y liE NRE 20 CITBIFA 7 /v a— O E
o] ERUEE N, BRIBICRIT D ERLITRENR RS, LoT,
EBUTFTE S HTE 3-4-A)-2 DIRE% 115 °CJ 225 120 °C) g,
%2 %) #EEET /L= —/1% (OIMIL) @ [Table Vb) (Alcoholic
strength by volume as a function of the density at 20 °C) |ZFiA%ER x
T, BB O T L a—15) (vol%,20°C) ZER LIz, T728bb,
B 100 mL % 20 °C IZBW T A AT T 2 3 |hEEICERIRL,, =
% 300 ML AORJE Y T A =2k 30 mL TH L AN, [FL A
AT TAAEZI/E LT, AAT T AIOEHICET HE THE
L72#%, 20°CIZRWTKRTHEFICE Lz, BEIF 1 BHC & 1
EATVY, BIKROEE # IRSXEEFIC LY 3EIIE L. EET
Jb— L&D Table Vb OHfifl Z BRI L T vol%lT#u L 7.
2.7.4 FILa—LEE (g/100g) D vol%(20°C)~DIRE (NMR)
AKAE B HZ=-H gNMR CHlliE L7= 7 /L =t — LR EE (g/100 g) @
VOI%~HLE 1L, BB O (20 °C) Z IREhAE R K v llE L,
wRUIC LV T 72 9.
Patconol (VOI%, 20 °C)= Paiconot (9/100g) X (dsample/ 0.78924)  (Eq.3)
ZZT,
Palcohol (VOI%, 20 °C) : 7 /L= —/1%3 (vol%, 20 °C)
Palcohol (9/100g) : 7 /L =t — L#LEE (g/100g)
dsample : FELDEEE (20 °C)
0.78924 : =% ) — )L DOFE (20°C, EHEET Va—LkK L)

3. FEREOELR

3.1 KIEEBHEZE-HINMR (2L 2 EERTHRMEINRERD IR
311 BEHEERUVEHE - 2EMLEIZDONT

) Z TR OEAHT S BRID H gNMR T, B EHE T
IR RS LWE THHI20, EBAEZTOLHY 7 MED
W NSRRI RDE BENBN CERBESND Z L1370
LEZOND. DD, BIZIXBCHT T4 Fxr ROSMAl 30
Hz &9 K918, JAWESHITHZIRD Z ERFRETH Y, FoHE
FBHINTND O, L LAaRnSARE CHWZREHIALTH
D, &0 DRI RS & 3 DR E Lz, &

AT £

TOEEMAGES (&2TO CRM + &2 TONHHREMES) [T\ T
JREPHORESY 2 3 L TN EHTEE T h o 2. BRCHOTRS
BRGT DIF AT ONWTIL, I Bk D5 0300 HE A o 7 308}
WL, Hhi - RE - mOaBEO SO S REIC X 2 KEFHE
-'H QNMR Tl3kEMERERDKRETH D Z LR bho T,

B FAE B OB A B SR O BBl S =5 A D BLY
TN L TIE, FHMORFOBERR Y EGVNRL bIT/hE
WIS AITRREAR, $2bbh, BC T T4 b3 REETRE B
JE DR R OIE HiRE & 72 LB SR E T o7z (R L x
IM2RENZAUCKELS TS, 172 L, PAF ALK TRk
DEFMEHELTRY, KHEORSMITARN 0T/, Ei
WAV o 7). M SRDESEN S, ETERRME
HFLOERY EEVBREWGEITHELHNKECTH 5720,
SELE, bbb, FME &G T KEIP OFES 2AT o e RICE
BRER & KHEWE BT ORMZREIZY) D LB E1T\V, FHEH
kDEEEBRELE. ZORBICEY, ERMAES OELRSIME
DNCBRDMLD & L7 BT, FHEM DB N OO
WDV T b RIBRIS, (F 5 O/ 2 TEEIC /3 E L CHY BRv7z (G
L X 928 2 LS OFEI Ui S 35 . Z DR LB T,
PELEHE L TWE D AF A ALK DES L ERICEHATX).
KIE B ZE-H gNMR 227 L ERESHIFAICOWT, Fig. 1 (38
B U730 L X 928 A) ROVFig.2 (BB L= T v 7Ly
2 —A) (ZhR LTz,

3.1.2 KIEESHE-HNMR (2 &k IR R VAR FE R OEFEED
EE

KA HIHE-H gNMR 12 X 2508 L & 9 23 L OGR4 32k O
i 0O 7 B K OMIENGRER OFE R OFEM 2 Table 2 12, BUNHEA
7oy b LEZR% Fig3 lZRd. fiko L 80, HL X 543 25
TIHVATFNANK Y OESEERICHA L olzizd, Zo
FAAA DI DNV TITER U R OVE &M OFIIE TE 2o Tz
2, TRLSMZOWTIE, Presaturation-tH gNMR O3 E i o> FH T
ZHEfRZE (n=3, RSD(%). BAFEL.) #%0.06-0.63 %, [AIIX=)
98.0-101.8 %, WET-'H gNMR O Il E 18 O M 5HEHE(F 7525 0.10-
0.42 %, [EILEE7S 98.1-100.5 % TH Y, KIFH5HE-H gNMR I,
KB EER O GNMR AR EIC L 67, mVR Lk E &
REZR L.
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(a) Malel‘c acid

|‘ Dimethyl sulfone

Acetic acid

Calcium formate

20 10 0

Impurity
(Subtracted)

25 “Vﬁ?..ll'” “IZ.S" h 2‘2 2.1 2:0 I‘.‘) l‘.s 1.7 I[S 1.5 14

Fig.1 Presaturation-H gNMR spectrum of ginger A.
(a) Whole spectrum.
(b) Integration of acetic acid signal. : Blue line shows whole
integration about acetic acid, red line shows impurity integration for
subtraction.

@)
Sucrose
Ethanol (CHs)
Glucose
1 L” L
9‘() 8{0 T{D 6‘0 2‘0 I!O 6
‘Eth I (CH3)
ano| 3
(b) Impurity ‘

(Separated)
1€ satellite band

|
uC satelliteband (| || (Separated)
(Separated) - \I i \I i
J! .‘ | 1 |A

A T

N N‘\U‘\U‘”E {i
A W s W
2:0 19 1.8 1:7 1.6 1.5 14‘4 ].‘.3‘ l[2 I‘,l ]:0 0.9 018 0.7 OZG 0‘,5 0“4 03 0.2 0{1 d

Fig.2 WET-'H gNMR spectrum of apple juice.

(a) Whole spectrum.

(b) Integration of ethanol signal. : Blue line shows whole integration
about ethanol (1st step), red line shows separation of impurity signal (2nd
step).

3.1.3 KIEEHE-HONMR ICL 2B ErHbPOR I 0—R, &
LA—RRUIZ/—ILDEE

3131 %, BRUYIILI—ADAEEDEHIZDNT
KIEFHEE-H gNMR (2 LD Rkt o R 7 v —=x, 7=
— AR ) — VO ER K OB EER DOFE R4 Table 3 12

A FE e, TR ECEIEE 7 ey N LIZKE Fig4-1

~AANRYL RE, TN a—R L, GBI ab—vay
XY, KEERF a7 /~— BT/ ~—=38:62 DLETY
BRRTBIZ 2> TV D WE &SN, IHGNMR 2227 R LZEB W T H
7w —ICHRTHEERRLENI. BT/ v—DT S Ay
77w by (45ppm) (ZAKIES (4.7ppm) IZHRICEEEL, KIES
HEOHBRLY KRENWI LBHEINZD, o7 /~v—DT J
AV v 7a by Blppm) OEEBEOHETEEICHAND Z &
DEFELNWEEZDLZT., LMLAEMRDL, WRTICBIT2FEED
T )R FE RIS R (381 62) LiXEAD

ZEbEEEBEIONE. EZT, Ja—R o], a7 /¥
—D7 AV vl a b rOfFEREIC 100/38(=2.632) % F U T
HHELEZEE, & B-OW7 /) ~—D7 /AU vr7a b rofF
BIREE DRI BB LD > OREE %tk U7-f5 58, B
DIF IR VMEA DB ST, TOEITKEEHEOTIE
MoOZELY B/INEDstz. LEBR-T, 4%, ZLa—20HIE
EIZONWTEDL LDOEEMEZHWTHRI LIZETH D0 %500
T LD &I L,
3.1.3.2 Presaturation-'H gNMR D#58

Presaturaion-'H qNMR i3, HIEME O AR XHR YER #2273 e K C 1.18 %
ThY, EEHEICEBT MR LIEIRIFTH ST,

FEULEIZOWTIE, 100%E KX BAHAL2<, Frcy
JL T — AT 102.1-1135 % & U MiE A R L= (Figd-3 KON 4-4
FEy) . ZORRE, Ak B80T AV v 7T a hrofFE
BREEZS Presaturation DA Z Fz-deExLND. £, <
LA VBBOEEREZACTERLEZHEAIL, A7 u—2AKV=
Z ) —/LOEILHEN 105 %E 1 123k (FLoryva—RE7
L—T T N—Y T a—R) &, 100%ITIZ72> 7230k (FL—7
Va—RET I NV a—R) LIzl (Figd-l KON 4-2
DEMNS 2 FIA). EIERGEL RoleA by PV a—RE T
—F T N—=Y P2 —A T, gNMR AEEWE O ARV
T, v bA VBROMENBIHEEZRE S FRERI>TWZZ E2b,
~ LA VEBEOEBRENB/ N THoT B END. T L CH
7E L72 WET-TH gNMR TlE~ LA Y EEOFENRIHE L Y & KIE
W /NFE SN D Z L o2 2 LD, Presaturation-tH
INMRIZCE DALYV a—RETL—TTN—Y V2 — 2D}
& T, Presaturation DR ENRE L TH BTN H 5.
A OMFECIE, FRIfaFRH A2 1.5 BICEE Lz BT, KIEH
DNE L WA D LD IR 238 U CllE L7223, Bilxid
CBEEOS ALY, ERAMESOEERENRKKE LD
X5 I TR D o 7. Z D72, #BHE T Presaturation
WBORERAERPBNZbDLEEZOND.
3.1.3.3 WET-'H gNMR D#&

WET-'H gNMR 1%, JIEEOFExHEHER 722 i K C 1.05 % TH
Y, Presaturation-1H gQNMR & [RIFRIC BATF 22 LI EH 35 2 &
DR ST,

AL RIZOWTIE, _EFEO Presaturation-'H gNMR 0 X 9 122
WZEWWEIEEZ RS 2 &R, 2TEEDHT 97.6-101.4 %Ik
WHIPHIZIN E o 72, WET OS/FREIE, Presaturation D354 & [
FRIZAKIE S0 L <R D K O ISBRBhE /S /L 2 DR % G
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L7cDHTH DA, B CTRIRICR & RZ2E 8B Z LT
otz KMEFHEEOTEL LT, WET X Presaturation & 0 %
BPWED 5 < KA B LS~ DR /N ST, WET-'H gNMR
I% Presaturation-H gNMR & i L CEEMENE <, BEL T
100 %ITEWEIEA GOz E2 bhd. 20 L, WES
HOBRENES ThHDH L HF VX B, WET-'HgNMR (X5 -
HHETEEICLVEL-TEEEZLNRD.

32 BliE&EDLEER
321 EEREDLEK

KIEBHEHINMRIC L 2HIEE L, HPLC i (B2, 27 1
—AROT N a—R) ROERE-REAEEGHE (=¥ ) —1) 1T
K HWEMO k% Table4 (HEWZ), Table5 (A7 m—ARUI L
a—R) KX Table6 (=& J —)V) (TRT. 2, =4 7 —)Lid,
FREBARENRB I HHE & T 572012, KIEZTHZE-H gNMR &
HEfE (g/100g) % vol% (20 °C) ~Ha L7-fliz R L7-. £/,
WA BT D78, BNEOREMIKTT 24 %HE (*HgNMR
W XD HEM,BIEIC L DWEM) o—%FK % Table7, FAxHED
WX OFRAEE 7 0y b LTz % Figh5 (2T

HEf21Z, Presaturation-‘HgNMR & WET -HgNMR % &+ CH
XHEAS 0.97-1.01 TH 0, PEMEBINEL TP L TWD EF R 50,
SR X - THRMEM K OE 5% RE Lo EHI BV T,
R ME Z R I EI A S S Tz BEIE O A TV BRI,
FEORMERIBIC K- TEL L, BYUSE T CIIALS 2D, &K
MM DS 5 DG FNLIEIC L o TRAHPARIRLS 25 &, AKES
TREEIZE END REGEL D DMEDERIND Z L2 BT, £
D5y, WEMMN/NSL RolzbD B2 BND.

A7 m—2A[X, Presaturation-'HgNMR & WET -'HgNMR % &1
HCHXHEZ 0.99-1.03 TH Y, AL L AP LIZEHETHDH Z &
DR S Tz,

7' v 31— A%, Presaturation-'H gNMR TiZAE%HiE2% 1.03-1.12 &
720, WEMBHNEL Y b RELRD BRI T. ZOFK
HRBRO LB T, FAa—2xDT AV v s 7a hrOE R0
JE 73 Presaturation (2 L A BEZ Tl LEZ NS, —HT,
WET-'H gNMR TIZF%HEAY 0.97-1.03 & BiliE & STl L 7= fb R0
b=, =72 L, ARBIE (HPLC k) THWEDL T AlX, B
HIC7 2 EEFBDL, BUKEHAERIC LV EEEZSEET 50 5
A GEFR7 X /A 75) THY, FEEOSHICIAMIZAN SR
LHOTIEH LA, BICH (FLva—2) BT L0T7I ML
IS LTHAET D&V MERER SN TND D20, 4%, B
FREFOROFIEIC L HMEMEE R TOIMLERH D EBE XD
ha.

X

1) JISK 0138, & Bz Ly Yeikimhl] (gNMRi@HI) (2018)

AT £

x & ) —/VZ, Presaturation-tHgNMR & WET -'HgNMR % &1
HCHIXHMEZ 1.01-1.04 TH Y, BE X D b8V Ml & 7= 3 )
DRE SN, KIFEHEH gNMR ITERT 5 FIK & LT,
TH )= EERICE R TV DKM DOIEENFIEL, T
—VBBRICGHE S TV rTREMED B 5. Bk GRE-IREHX
FEFEFHE) WCRERTBFEKNE LTiE, AL TELR-EIRPIC
FELTWDL =Y ) — L ROKESNDORFIZE Y, BIROBEEN
DOEDICREL Y, TAra—A0NENEHMi SN2 &ERn%E
bbb,

3.2.2 fHEN - AEMEIZDOWNT

WEBRIZ B80T B KIS B4 ZE-1H qNMR T, TR LA ET 5
KRERARAN 72, DORERH S8V OKMEZ1HE-HgNMR
FEE LENTH 2 0 X H I — A% v U250 CRIR 10 [11=20 47.
HPLC i£ : 60-90 47) 7o, FHELM OIEIC ST 2 RFRI3BIE L D
b KR AfE S iz,

BB O AKIE B ZE-H gNMR T, BETIZENENITD
VNS ST-BHE =% ) — LVOERNRICITA, £7-, =4
J—IVOEBIZENT, ZEFKON20 °C OERICBIT 2 ERFDON
FTHLRETHH720, BIEELY #E CHEEICERL TV .

4. = K

AWFFETIX, B - BE - EmE OO RO AT T, KiE
TV EZHAIAATE H gQNMR (K15 5HZE-H gqNMR) 12X,
R S OGRS SZ O FERE, RIHEREI O 7w —2, FLa—
AR ) —)LDEREITo . FDOHEE, Presaturation-tH
qNMR TIZRI B D 7L a— 2 & —EakBh D 2 7 o — 2 K
R & ) — L &FRE, WET-'H gNMR TIZeToREl « b4
%45+ QNMR FZEHEME IRV T, SR LHE & e a2 R L
7. KIBBWHELELE gNMR FARMEYE O/ A bRz LT,

[Presaturation Vi —~ L A 2] O#MAA DO ITFEHORIE S
WO THMERREL RDGENRHY, THNELLT NI L&
WRB ST, E7RE (FiE, 27 e —2AROTVva—2iF
HPLC &, =%/ —/VIdZRE-IREVAEEGHE) L OB T,
Presaturation-'H gNMR (2 X 2 BB D 7 v o — 2 &frE, K
{F 5 1HZ-1H gNMR 134845k &l U 7= EfE 2R L, ik
IZHEN TV,

WET -'H gNMR i Presaturation-‘H gNMR £ 0 & E&MENE <,
BESEORE LGRS TERLNATA D 20, E R L REED
WPFRIZBWT Y, WET -H gNMR 7573 Presaturation-tH gNMR
VLB TH T

3

2) GNMR7Z'Z A~V —HA K] V=% « 1 —7 : “Q0NMRZ 7 A < U —HA F EEE»LHEKE T | P.141 (2015), 7 HfR
3) FAEER EEIHNMRIC L 2 BB E OFHex v T 7 &4 V¥ — a U REICBET 298 (SR RF R, #1350 (2019)
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5) ZEMEMIS - syHr{k:, 52,1029 (2003)

6) TrERN, NIEEHAN : “X< HHEM NMR OIEAR” | P124 (2012), ikttt A =T 47 4 &

7) Andrew E. Derome (iR : FTPRA, BFIEET) L& O 7o Dk NMR BER” |, P194 (1991), fLFRIA

8) JIlO# 5 : CHROMATOGRAPHY, 32, 171 (2011)

9) SCERRLAEBL AN - SAINBORRBORREIREREE, ZHIIEOMR  “HARMEERSE 20156 4R (LFT)  Htff~==7 1 -
7, P.230 (2016), Attt

10) IR — & @ S5k, 61, 963 (2012)

11) U. Schnupf et al.: Carbohydrate Research, 345, 503 (2010)

12) ARD =4 —=ZAFAStE: 77V = a v — N “BERG N BEEO S S BEREE ST —ACQUITY UPLC H-Class/QDa % fi
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Fig.4-1 Plots of recovery of sucrose in four fruit juices by *H gNMR with water suppression
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Fig.4-2 Plots of recovery of ethanol in four fruit juices by *H gNMR with water suppression
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116
Glucose (calculated by a-anomeric proton X 100/38)
114
112
@ Glape juice
110
= ® Apple juice
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HE; ° ° Orange juice
8 106 .
a e Grapefruit juice
104 e
102
] ()
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100 °
98
(CRM) | DMSO, Maleic acid Calcium formate |1 DMSO, Maleic acid Calcium formate |
(Water suppression) Presaturation WET
Fig.4-3 Plots of recovery of glucose calculated by a-anomeric prton in four fruit juices by *H gNMR with water suppression
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Glucose (calculated by both a- and f-anomeric proton)
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Fig.4-4 Plots of recovery of glucose calculated by both o~ and B-anomeric proton in four fruit juices by *H gNMR with water suppression
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Relative value
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Fig5 Range of relative value of (a) 1H gNMR with presaturation and (b) 1H gNMR with WET against conventional methods
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(DS : Dimethyl sulfone, MA : Maleic acid, CF : Calcium formate)
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