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Application and development of quantitative nuclear magnetic
resonance technology
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Abstract: Quantitative nuclear magnetic resonance (qQNMR) technology has significant advantages in
quantification due to its simple sample processing and high reproducibility. Two-dimensional gNMR analysis,
which can solve the quantification problem of different components in complex systems, has gradually been
applied in medicine, food, metabonomics, chemical engineering, and other fields. This paper reviews the analysis

methods, influencing factors, experimental optimization, application fields, and other aspects of qQNMR to promote

its wide and effective application.
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¥ 6 H£ ¥R (nuclear magnetic resonance, NMR) HJ
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gNMR) & #5 — 4k (one-dimensional, 1D) F1 — 4 (two-
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W A . A 1D QNMR A F5 'HEO, Bt
PN RSO SIpUT IS iR R . 'H NMR B A &
R, HEE FREN G R A6 2, N % i,
UFV'P RARFE LY N 100%, R &, 7T T o &
AR JE T 4 G4 BC AT PN [ R AR FEIRAIK, 79 5]
N 1.1% F10.37%, REEAR, 2 H T 70 B ik BB K 5L
22 PCONARIC IR & . 2D NMR 38 XU H A R
TR F JoE, EEE S/ UL I, B4
MTEIRBSERIER DT WM TEEH2D NMR
£F5 COSY (homonuclear correlation spectroscopy)™>"!

TOCSY (total correlation spectroscopy) ***'. HSQC

(heteronuclear single quantum coherence) ", H

HSQC Ny 5 4% H B 7411, Rl 4%, IEU%%Z’E%?/E:
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A 5K 5 R, R % TH NMR (1 5 R 5E
FITEC NMR [ 550 #85, BT % . NMR AR R
A v T VR AL B A ) R AR, BE A LA T
P BARIR IR S AL LB AR 1k e, NMR ) R 5% 43
B4R, T8 8 SR A B I0mT AR R AR, DRtk A
KX 1D QNMR 5 qHSQC F 521 (K] 2% 32 B AT 5
kAT IR IR .
1 qNMRAIBIL E A

NMR FRIAFFFE 05 G0 B A REHE (1 J5 T 1%, TE &G
o, B RERE I R TR AR Be R Sy, U, RERE e
T — AR A 1) LA, TR T A% OR AR BE KA, BV
AERMEIEIR o R RESEARAE 5 R B S5 A B SR T A% B R
TG, X RL T LR i B 1) kA .

qNMR A DL A vk A 8 A ik it 47 2 =, JL
WARE T A H H, Hh B IEEE LR A (1):
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Hor, RN E BRI, S AW AR, W, v B Ao bt
VI SEBRINEAE, W I NS SEBRFRAE R, I HRME 5
A, MOREXS 73 TR, m Y% AN .
2 qNMR ML

T 1D qNMR 73 47 5 f AE TR AR A vERA 1,
JRUERA 5 FEFE IS T o L R 3, AUFE 15 T I Al R
FESHAME I 250, T 0 S e s Rt AT i f . BRDL B
#2011 1D QNMR 15 5 38 JE 1 [F & 41, 2D qNMR IR R
22 BT 2 KA SN, 200 qHSQC 15 5 9 i
1) Bl 2% 30 B0 4 B 4 ik S A & (direct carbon-hydrogen
coupling constants, 'J.) [ % # & (homonuclear
coupling constants, J,,,,) A 15 i1 5t B2 I 7] (transversal
relaxation time, T,), [A] B, £t f& qHSQC fk i 7 %1 1] 7
—E R R AME DL B S H R, 3 T & AT Bk
Wi . ASCHR 1D QNMR #12D qHSQC # % (15 %
HEAT IS, 5 T HoAth 2D gNMR i3 n i3 B & 77 >R 5%
VEAH RS
2.1 IS

T NMR )& & 7 41 75 DR UE & £ 1 2 B IEA S
HAIARG S =S, B0 25 E &4 R WK, v H
2D NMR W 21 B 3R 47 50 00E, 24 H 30 5 B T ok v f i
I, Al LR 7 AT A
211 BEHFARET R oA AR R,
DRI U 24 5 B 0 5 FLAMLAS 5 B S N, m) DL 4 AR
W ERAT 5 W (1) 43 B 1 400, (A0 200 [] B LR IR A o 1) V5 i
PE, 5 I RS DUAE i & U A0 AR (E 5 06 7y B 1) I

Wy =

Wom % (1)

A9 3 R A AR R AT T A
212 EEESENHRIRE SRR 2B
WRPE R A AR AR, DRI RT3 224 18 2 23 M RE o PRV B R 15
AiRE R B . R R, REUE R AT 2R
B, NPRAIE 2 B 5 V2R % B IR A X AR v i %2 (relative
standard deviation, RSD) 7£ 1% Z P, ¥ T 'H NMR %
RAZMELE > 250, "F NMR > 300, *'P NMR > 600,
2.1.3 CGRMEENRF R E B FE A AL
RV RIRGE B 80 R AL RS 06 VRS AR, S L2E e
HILEE K AR, Horh i RIS G S R, K
T FE R S b 5 I E ARG, PR R RS T B T
WA B8 1 e B o BT R
2.14 EFIDFRZNMRHEZHENMR 7% 1D NMR
ALFE BCLV NP ATF, H PO PN B R R R,
REUEM, & T & B2 IR, 50 FHEEKW
KRR A], SZEG AR B . SUkARLL, 2D NMR 7] #£ 5
— YR EEE T RIT, HRBUE ST "CH "N NMR,
TEIE AR TT R T e AUt
22 REBH

S AL RS T 0 P I R R B R T A AR A, I A7
TE1% % ot R 25, 036 St 4N 1) BB &4 FH L SRR I 1]
Jik b R A B, X e SIS SE R R ERIR . A
P e AR PE, LT R & S EO0E 5 08 K R
FIHARATT
2.2.1 #\[EI5HRTEATE) (longitudinal relaxation time, 7,)
qQNMR Z R — ANk ph UK 58 R, 45 T 2 05 1) 5th 75 4E
IR, PRUEAN R AR BB 58 4 . SR FH 90°8 K, ik
WOR ) B& A ST, i, D\ i AL % & T K R 99.3%, il /&
qQNMR R . SR, T, 52 B4R 2 K&K 52, Q: pH {H -
WA B S, RO S 7R A 0 o AN R 2% A0 H AR T,
TRUES TR ALIR > 5T, o BhAk, /b LGt (a], nr R H
30°WOK, BEEF SR AEIR > 4T, Y\ R R B B AT K
2 99.5%.
2.2.2  X#EFE) (acquisition time, AQ) KA [H]
K, PRIE H B3 k(5 5 (free induction delay, FID)
A AT, 715 0] 2 A5 5 R AR . 5 SRR [R) 45 7R
AT, FID AR FEIEE W, IR A REAS 5 S 4 il o5
SRS B RIR S (S 5 -
223 REIRMN W ILIR RN 2 48 BT v i 5 [
TEAEA k8 S) O, TR R 82 Al 4R 258 HE 5
5 IR, SRAE qQNMR IS, B ORI % % e Ak &
VI RS A AR 0 2 a] 1R O TR
224 BHEKRSBE (Jo) HEBRAMRGLZEMW
HSQC 5 5 E I EER KL —, ZHZ MK RE
MAF (2).
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1 o< sin®(7%J e ) /2 e 2)

Hh, D E S, J, 08 BARE S 6 SERRE U,
Joane VR 1) B B RS 5 HE B (FF Bruker 801 O SR A
Z 4 CNST2). B HSQC L5+, J,, JEH N 145 Hz,
A CMEAR R R E 5, AHBUES Rk 2, Fl
I HSQC #EAT & i, A 4 b R S U I o — 3, 2
I HTRE SN B — W R, R TR N BRI R
U, B 3B RI AT, 25 BB [ I e ' o i 2 ML B,
T A 5 400 3 3 11 s e IS B AR 1 T, SRR T
VB N N ARG B T AR
225 [EIRZBE (g FZEES5RE SR
K, =3 Z A1 06 R A 20 (3)P7s

I o< cosz(nAJHHi) 3)

Ho, P REERDME, A = 12 ) June
il I A & £ (7F Bruker #4F H NK i 2 4 CNST2),
T I TRIAZ RS A58 400, DR Lt 20 7 RS 2 32 2% B U i A
BB HIE S,
2.2.6 HE[EISMTIRATIE) (T,) 5 ) st RN ) L5 A i B2 1Y)
KRNI < exp(-2AM/T) s T, 5K, HXHE 5 58 1)
SAMR T 2SN, DR Y B AR & NG TR, T, ]
DIASHEATIE . 6 Ky ik AT e &, & e B2 E TN
) — B G, Ot s B0 7 A R I — B, LB A ) st
TR ] AN AN N8 R Bl T, AH 22 ORI, 8 1) 5t 74
X A5 5 iP5 AR5 AN ] AN, RIS R] S T AT HE R T
file, RSHEAT 550 5, mCOgE B 0 T Jok ol 15 41, 92 A 1)
R R E R
227 BEBOHRFS) 51D qQNMR A, U, 2 R
HSQCF 5 E R RN K. J  5J,, WZE K,
EEHURER, Y Rk EWR L, B mgr 'y, M
ZEROKI, 2T AR ERE 5 A HSQC & B A& M . It
b, HSQC [ 1) 452 48y B 15 R0 B8 IR 15, Jm L4125
L of A 5 58 JEE D S 1 B 0 B 4, 24 H AR Ak S ) e
5 5 W 3 A L O, (S8 I 1 S R AT I G
IRAME R LR BN RS . R 4R R HSQC j& & 5K
FAPE, AT 3@ i it ik e 3 R T, IR 4R 2R Xt
ERsTidEi) Al

Hu 2553 A5 34 HSQCO (time-zero HSQC), HJi:
¥ B Ak 1) HSQC 7 1A B kAT 552, % A [ 8 2 T 8L
(i) FRAF A HSQC W FEAT A4 (4,), LA B R EC A4
B, In (4) AL BR, 04T 25 P (8] 19, 26 BN In (4,),
DA 7 SRR 1F 1) A, 5 1B Pk B LR A G, v EL B A
FrE M. R T o R R R AR/
FET RN G I O AT E ', WE T2 A HERR 1
Hu Z£P9 3 — 5 3 1 7 gsHSQCO (gradient-selective

HSQCO), £ 4518 5 i 5] gsHSQCO A A 4% gsHSQCO, H:
HA] AR gsHSQCO {5 5 5 YR B ARG EUAIS, B 3 -l 2
WREERARIIA & . SR, BEAE B 2 08 N, HSQC
9IRS, U E Y E ER DB R &R
BAKKS, HSQC3, % HSQC2 Jo ik ik Bl & & {5 e Lk .
Sette Z5EC5VR) F A 7E 2 HSQCO, 3143 51 F) F 600 MHz A1l
400 MHz 354306 HSQQCO % 37 5 Y it FH P32 AT #8045
RFE W58 4 400 MHz B, HSQC2 1 HSQC3 15 M Lk
BUR, € EVESI, SR AR kA, It 53R AR
¥ (non-uniform sampling, NUS) & H i), & & #E # M
I TR BIRAE . PRk, 1% 7 20 (4 FH B 258 T =i 3%
SRS IRAN .

Wang 550 $2 1 J-compensated Q-HSQC, f& ilf
ey = 120~170 Hz B A7 — B HE T W R . %5 FI1E
CPMG INEPT (Carr-Purcell-Meiboom-Gill insensitive
nuclei enhanced by polarization transfer) # i H & &
90° 5 A ik, [ B A5 ) X Y-16 3EAT MAALAE IR, it J ., K
Ty BEAT ), 0503 K R B AS 3 A0 1 Bk i
INEPT A ] TanhTan ik b BCACIE 180° S 4% Jik o, T8 44
HAH Crp60com.4 HUALAE 180°F 5 £ ik v, T8k /D> 51 4 3%
AN — VA LR 0N 5 FE A0 0 5 N [ S I ) v, x
0 Y R () B B R A AT ARMEERT, el > [ 2 4 1) 2R T
J vk (AHALIEAR) K Phst, il Bl 2 %

LRk R A S mAE S R R R RS T A
AR P A o SR T 5 B AFDZE ) & S B0 5 R
() 52 i ) A7 A2, 7 E H IS ATS R 0 58 S AT A I R
Makela ZZP*$2 Hf QEC-HSQC (quantitative, equal carbon
response HSQC). Ik /3 #1175 25 — X INEPT Ji5 5| A
IR, ARG S AN 5N LI 2 SR AR R I, sk
WA [F) R A5 S e B — B . 34k, Z bk 7 S AE
INEPT H1 /] 180° Shaka-6 414 Jik i #M i L4 5 5207
FERR 3 5] NI G2 R G7 ik AT B 180° fik v (¥
B, 1 NECK I [R] G3 kb DA 1 e o = T2k
TN X N E T K v R B R AT PR A, 45 SR AN A
FALR B3 fEL ) RSD 73530 9 5.96% 1 7.08%, LW 1
T H AT M [F R S e AR B TR
Wi (PIR A AR SR 7% 8 B R
2.3 AESY

i P ) Ak 7 A e 52 AR O3 i T, A 4
AR S AR B o T B AR 4 2 T R Ok R,
B K LB (line broadening for em) 2= 34 Ii{5 kg Lk, 2
[F] I 22 51 S T e o, I iE T8 5 70 Hr e i m (1) il
Blo Bk, AESE—ERE LIy, (AR5
# (size of real spectrum, SI) A~ g i K AF 244 (time
domain size, TD) P 1% . 5 B B (1) & AR 43 o i oKk
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JE 2P TE ) 64 1%, ARIEFR 7Y 99% KIS 5 50 .

3 qNMRBIN A

qNMR X FIr A J 127 mTAS I, AT £ T oxt Bl 1 1
, RIS SEBUE PEATE B A, ELAF il AL BT R AT [,
U6 R PR, RN T HAR DT EOR AL, BRI AR 2540

Table 1

3.1

) S BTG N (5 111 1H101821:2426.27.32,3436040-55)
EHSHAERNNA

F[E 2 29-NF24 h L& A A 1 LFE S 'H NMR
W5E 12459, QNMR T 1A B AT E S5k 2 K 7
FHEERH LA,

Summary of QNMR applications. gNMR: Quantitative nuclear magnetic resonance; PE: Polyethylene; PET: Polyethylene tere-

phthalate; PS: Polystyrene; MP: Microplastic; DNT: Dinotefuran; TCM: Traditional Chinese medicine; NPS: New psychoactive substances;
Bs-HSQC: Band-selective HSQC; Q-QUIPU HSQC: Quick quantitative perfected and pure shifted HSQC; CPMG: Carr-Purcell-Meiboom-
Gill; QEC-HSQC: Quantitative, equal carbon response HSQC; NUS: Non-uniform sampling; COVID-19: Coronavirus disease 2019; gsHSQCO:
Gradient-selective time-zero HSQC; QQ HSQC: Quick, quantitative HSQC; GlcNAc: N-Acetyl-D-glucosamine; (GlcNAc),: N, N'-Diacetyl-

chitobiose
. L Publishing
Object Objective Instrument Pulse sequence time
Orlistat in tablets" Study a qNMR method to quantify orlistat in tablets 500 MHz, CryoProbe ~ 'H NMR 2017
Dipotassium glycyrrhizinat®  Establish a quantitative method based on '"H qNMR and 500 MHz, CryoProbe ~ 'H NMR 2021
develop for assessing the purity of dipotassium
glycyrrhizinate
Organic calibration standards” Perform qNMR analysis in conjunction with the mass 400 or 600 MHz, BBFO 'H NMR 2015
balance to afford greater confidence in the purity probes
assessment of organic calibration standards
PE, PET, and PS"®! Find solvents suitable for quantitative analysis of MP 500 MHz, TH ATM 'H NMR 2019
particles and to validate the calibration curve method for  probe
the quantitative analysis of MP particles by gNMR
DNT Quantify DNT belonging to the third-generation 800 MHz, CPQCI 'H NMR 2023
neonicotinoid pesticides, which are among the most CryoProbe
common residuals in a variety of food commodities
Danshen injection™ Establish a comprehensive method for quantitative 600 MHz 'H NMR 2022
determination of complex ingredients in TCM injections
Futicasone propionate and Conduct quality control on the dosage forms 400 MHz 'HNMR 2021
azelastine hydro-chloride in
nasal spray formulation'®’
Pomegranate seed oil " Assess the concentration of conjugated fatty acids for the 600 MHz, ONENMR  'H NMR 2022
identification of pomegranate seed oil probe
Cannabinoids!""! Characterize and determine the main non-psychoactive 600 MHz “C NMR 2019
cannabinoids in eight different hemp varieties
Choline!¥ Determine choline in commercial matrices and additives 500 MHz, TBO-LF "N NMR 2021
probe
Difluprednate!"”! Reveal drug multiphase distribution of oil-in-water 600 MHz, liquid F NMR 2022
nanoemulsion, and provide reference for drug nitrogen-cooled prodigy
development and quality monitoring TCI-F probe
Fluorinated NPS"®! Establish NMR methods to quantify 11 types of 400 MHz F NMR 2022
fluorinated NPS
Cyclophosphamide hydrate!"®  Determine the purity of cyclophosphamide hydrate 600, 500, and 400 MHz 'H NMR, 2021
P NMR
Organophosphorus compound, Quantitative analysis of organic compounds containing *'P 600 MHz, CryoProbe; *'P NMR 2022
sofosbuvir'” 500 and 400 MHz,
normal probes
Phytocannabinoids™” Develop a quantitation method for cannabinoids 400 MHz 'H NMR, COSY 2022
11-a-Hydroxymo-grosides”’  Achieve quality control of luo han guo fruits and extracts 400 MHz, PABBO Cosy, 2021
broad-band probe Bs-HSQC
Heparin®* Profile the substitution patterns of K5-PS derivatives 500 MHz, TXI probe HSQC 2005
Epoxide formation in oil and ~ Assess the formation of hydroperoxides, aldehydes, and 600 MHz, CryoProbe =~ HSQC 2022
mayonnaise™ epoxides under accelerated shelf-life conditions
Diester-type C19-diterpenoid ~ Establish a fast 2D HSQC qNMR method with high 600 MHz, CP21 BBO  HSQC 2023

alkaloids"™”

efficiency and accuracy

600S3 BB-H&F-D-05
Z XT CryoProbe
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Continued
. o Publishing
Object Objective Instrument Pulse sequence fime
Levofloxacin®™ Obtain the relative and absolute content of enantiomers in 400 MHz, BBFO probe J-Compensated 2020
levofloxacin cream Q-HSQC
Saccharides™*” Assess pulmonary deposition in impaction experiments of 600 MHz, normal probe 'H NMR 2019
saccharides employed as carriers in dry powder inhaler
formulations to select the appropriate carriers
Diterpene acids™" Quantify diterpenoid acids to address the issue of 300 MHz, PABBO HSQC 2018
inaccuracy in the quantification of diterpenoid acids with ~ broad band probe
weak UV absorption based on chromatography with UV
detector
Anthraquinones'”! Select duroquinone and rutin with similar molecular 400MHz, HSQC 2019
characteristics to the target compounds as alternative PABBO broad band
standards for quantification, to address the dependence of probe
chromatographic techniques on standards
Alkaloids'™"! Explore the complemen-tarity of gNMR methods by 700 MHz, normal probe 'H NMR, 2019
combining "H NMR and 2D Q-QUIPU HSQC Q-QUIPU HSQC
Cycloartane triterpenes'*! Solve the adulteration problem of Actaea racemosad in 600 MHz, TXI 'HNMR 2020
the market CryoProbe
Minor components in mango  Explore the quantitative characteristics of band-selective 500 MHz Band-selective 2017
juice!® excitation excitation
'HNMR
6 primary metabolites in Evaluate the quality problems such as adulteration 700 MHz, TXO CPMGQG, 2020
pomegranate juice!*®! CryoProbe ZG,
QEC-HSQC
Isomaltulose™” Establish a NMR method to quantify isomaltulose, other 500 MHz, Prodigy HSQC combined 2022
monosaccharides and disaccharides in food within a short CryoProbe with 50% NUS
time
Juice, wine, honey, and olive ~ Utilize complex statistical models to detect origin 400 MHz Completely
oil authenticity, production process control, false labeling, automated
sample similarity, and species purity Bruker
FoodScreener™
Metabolic and lipo-protein of ~ Analyze the metabolic status of COVID-19 patients 600 MHz, TXI probe Bruker IVDr 2021
COVID-19 patients™**!
Bovine liver extract®” Quantify metabolites in bovine liver extract 700 MHz, QCI probe Constant-time 2011
gsHSQCO
Thiocoraline in an extract from Quantify micromolar natural product in complex extracts 700 MHz, QCI probe =~ Phase-cycled 2011
Verrucosispora sp.*! HSQCO,
non-constant-
time gsHSQCO
Structural units of lignin®***'"  Analyze the degree of polymerization and branching of 600 MHz, triple Q HSQC, 2003,
lignin, and evaluate its structure resonance z-gradient QQ HSQC, 2011,
probe’®”, CryoProbe>**! *'P NMR 2011.
Vitamin D2 and D3" Analyze the micellization degree of vitamin D in cream to 600 MHz FT-NMR 'H NMR 2020
optimize the formula
GlcNAc and (GlcNAc)f” Analyze the decomposition activity of chitinase and 500 MHz "H NMR 2011

screen the best conditions for enzyme activity

Sun Z5EPH H TH NMR X 3R] =] A F 7 3 4T 5 &=
M 5E , 1% 77 1 € B R N 0.014 mg-mL™, ~F %7 [a] g R ik
99.45%, Wl 5& 45 R 5 & JOEAH 3% (HPLC) — 2.
Zhang 5k B R B LA A0 2K — R AR N W bR,
FI 'H NMR X H AT & R H B e 8 gF A7 4l B2 55 5E
BT 37 772 S 30 R G () e P R 2 BRI P e,
T AN B T 38 B RCR 3 KT 99%, i ds RS
HPLC-UV —%{. Babenko %" 4 #7155 55 il 71 v £ b
RE B A4 A1 it DA, DAOR R BN A N AR, B TH

NMR & B 70 b8 25 & B, o s A ks 3k 47 0 i, DAk
PO 1E W 2D AR, TRAIE 25 Wik 203, SR N il 550 1
itz

FHAED 5Pt 4 B AEH HPLC #EH47, HF
FE &5, FEAL AT AL R B 4 RERS, ML 2 R, QNMR B F
5 H, Wang Z5EPR| ] qHSQC, 43 2 A A Vb 2 L
B AR A 2, A AL HRAY TR N B AT e R, 5
HPLC A L4355 1 6 % fEFLE 2L 'H NMR H -1
O B IS 5 B 2 W i kL B S, R e At 9 R -
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compensated Q-HSQC, i i} (R)-1,1"-HkZ5-2,2'- — H i
RIS EARWEMEAER, fH-1a/5 505, ZHE
5ON5 E B T, SR TR C-12/H-12 28 XU,
G IE A AR B & &N 60.2%, 40 E &
HN182 mg-g's

I3 M SR R R A3 1 R A IR M, E R R
R HE SR IR, a1 Xt B e . =9
T H IR TRAT I 1) SR E AR S L,
qNMR # 1E f B8 L 40 K5 38 P L R BRI R 4 S &
Guerrini 2545 F HSQC % i FR A0 I 2= 34T 20 A, i ik
5 HPLC &5 SR L, UE W T HSQC 5 & JiF 2 It e 14,
HETABR R #h KS-PS AT AEMIEAT T 740 RAE

TSR AR Ny 255 PR o AR BRI e T i, SR,
M A A, B AE Y B AN E B, HE D
SEELZ 4 IR 2 . M EL 2 N QNMR AR R, H.
Al LLRI S 6 240 G Wk A7 8 M = 0 i, BON T 2
WY B I E A A .

Cicek S5 ] ] HSQC X vt B2 vl A 8 b — i /i i3t
175 &, B RFERF N 3 he BE4h, K HSQC 5 75%
NUS B 87 R, SR a) 4 9, S 1 BR R 4 SR
KSR BN . Le &WINt 3B 8 b AWyl ik
A7 58 £, FIFH PR K TH QNMR 52 540 #r A e PEAR I/
BEW, FI H Q QUIPU (quick quantitative perfected and
pure shifted) HSQC X & A4 /N B Bl A1 28 3% il ik A7 HE 7
&, HE |45 R 5 UHPLC-MS 1 UHPLC-UV — %1,
TEBH 7 ARG HR I A B 7E 52 2 2 I3 1) 5 BT R -

Imai Z*F| Fl '"H NMR X Actaea racemosa (AR)
HIEZGWFh A. podocarpa (AP).A. cordifolia (AC) HRIR
ZERIHE F 53 (1) 70% R B B R 8 5 b =l A gk
1T E . FIFH COSY #iE T 6 0.20~0.45 5 0.46~0.62

5T EALE, HIERE 5 0 R, E5E 6 0.20~0.45 41
i H-19 15 51T & &, RIS 5 NEAR DMSO-d,, %
FRAF AR [FARR ZE AR b 3870 v s 55 e =l 75 12 0 )
N 7.2%~19.3% F13.8%~20.8%, AC N 13.9%~28.5%
H17.5%~8.7%, AP AL H 1.1%~4.0% F12.1%~3.3%.
BT, AT b AR BRI .

32 HERGSWAEMNNA

Y QNMR JE B33 B, SEHLR B A6 2
AR A B AE 1 8 =, Ryu S 0RE 3% 8 1 UK S0 A%
LA A A N, L HME A1 TSP-d, 23 BI4E %37 X A1
=137 X8 s e S IR, 6 R R kA R AT T HE
e . AR T E R bR RV IR AR T I B BOR
S R E, S R TR bR i vk RN
VFHERERSX NS XA THTERMES,
R] LhG R FH 79 5325 43 Sl 0t 7R S DXk 9 45 5 3047 4 AT,

TAHEERGR B, RS VO S bR
1 1 22928 = HERAYE . Tang Z1 AR 6 A4
AP BEAT B 1) 73 M, DART 2K — F R SUB N — T
W B bR, SR SRR, 15 CPMGLZG Al
QEC-HSQC X i A1 1y 147 € B2 #r, XA kvt
B S5 ) EAT VP Al . Fels %R F HSQC ik
T2 ¥ 5 50% NUS B B 6 i A Bl 2k 47 € & 43 4T,
W 23 M 45 R 5 BRI E e RS A i (3 (HPAEC)
JAAHETE (GC) 153 #7 45 SR k47 XF EE, 38 E BT 4 57
Ti W HERAE, 55 A% GoRE ) 23 N 1R T 60 min AH L,
B ST 52 ) T VEAR TR 27 min BV AT SEHE B

Bruker f) FoodScreener ™ &—/5¢ 4 H AL NMR
BN E (https://www.bruker.com/en/products-and-
solutions/mr/nmr-food-solutions/food-screener.html). H
T2 A ST TG 0 B RN ORE ih 4 AR, T DL
HE3E T 400 MHz i NMR 73 7 i i 4l 75 %7 54X
it S TR R PR A ) % B RT 00 O 58 e B Ak 5 4,
LA GE TR AT S S A A i AR
REABR 25 B i AR AR A0 Ao 4 R R AGr U, 9F 78N 53 A
B P 4 A% B 2 Bruker 55 5 2% B0 E EAT HL R,
IR E 1 o T RS . 2T E R Z
4 H B, BANT ERT TN AR L il
33 AERIBEZSFPAIEA

A ) A rh A ) RS i E B, T bR AR
G B, B B0 B T AR AR PR 3R A AR 2
ITHEWE . FIF =4E B A% (three-dimensional cross
correlation, 3DCC) 1 5 & AR 1) 77 20wt [ 3k AT A 754,
BIV: R O B T AR AR 45 B 5 NMR B B 45 &, NE
A% F A P A% 1 v ] e i L A0 510 1) NMIR 1 3],
i I B2 77 U AT b BE, SRAF Ak A AL A 3 (S 5
SRIE . BRI Z AN, B L S8R fF B P (41 Chenomx
NMR Suite. COLMARm. Bruker IVDr &) X i & 3k 47
H 2 S AR b B, R : R Wi iy B R0 i E 15 1% g v 4
A i B AT VT L, SEBAR I B e
T IVDr A & e AR A B A, 3 W] E Bhx R dE Al
T2 7 3R 45 (1 6 2 A 1S 3R 1T K5 B 7€ &, Schmelter S5/
FH Bruker IVDr T = X} 387 284 5 IR s 28 /% 4+ (COVID-19)
S A A IS & A AR AEEAT 0 b, B A S R g
R S COVID-19 B 0o Y5 1 BB 2R AT LR, &
P f B 2R A EL, COVID-19 53 R I H ™ = if fig
S i AACEDIR 2 AR B 25

Hu 25095 F 8 1 gsHSQCO St 4 FF 4 B itk AT 52
B, SCRFER A9 2 he ZERE G PRI DSS A1 2- 1Bk 2,
R TR 3 ol A DAy ALk J5 AR o R P2 AR 7 8 1) P s, 0
R B YE F AL 0.1~120 mmol-L™, iliIh & & 1 AT



PEH AR FH R -+ 3605 -

JUE 2 A T 23 BRI A . Hu 2158 ) F AR G R
HSQCO A1 HE % i g¢sHSQCO ik 4 X} Verrucosispora sp.
{14 A7 B ATy bR B AT 3 8 v R, W B IO\ Bt 74
BT T TR TR B, 3R 75 R BT R AR S 3 RN 1.0%
(wiw), LI T 53R B Ak BE IR G R AR = Wi e
SIHT, KRR 9 4 h 15 min.

34 ERIESHHPHNA

Heikkinen Z£°7F) F§ Q HSQC X = £2 A A B A A
Jii 2 45 1 B T AT 48 %) € B, L DMSO A, 4-(1-
e HE)-2- A IR I 9 N AR, Xt B-0-4. -5 dibenzo-
dioxocin Al B-p4 P &6 ¥ HL 44 AT HEf € & . Crestini
PR F QQ (quick quantitative) HSQC*'P NMR % C-
9 J /N [ &5 g B A AT o &, VEAN BROR RIVR AR B AR A
JRF A (0 SR R B T O SO R, FE R A 3 45 0 it
AT PR B,

PR RE B R 4%, 4E2E R D2.D3 1 IS SE (0
0.5) & ™ &, [K Ik Robertson ZEPLL § 6 4b XU Ay 5E
HUE, TSP AP bx, FIH 'H NMR 437 A MeOD #1 D,0
SR, A R G B 4E A R D2 D3 AT &,
T LG P 4 2 D IR A AR B, b T 3L G O AT
Ak .

35 Hftt

qNMR 7E ] B i 20 FE b e R B R S AL,
A LB H ARG A PIHET 4307, e S PR, S50 i
FEMEIE . Davies ZECF F 'H NMR X 21 Ff b v 4 o it
FPor AT, Ide 4 5 P AVt AT b, 2 50 e
Xo P9 o 7 VR R A D A AR S A i R S S T —
5 T WO KA — B R i, 5 8O AT
Wi 32 P57+, A B HPLC-UV BEAT & 5 I 58 i, 5 f b
i K, T NMR A BLTE i B b X o 1% %y, o
qQNMR £ %49 5 4 5 45 5 P i AR 3

Liu R Ff 'TH NMR, N-Z.BE 34 5055, N
SRR AR € N- £ D-1 & BE % (GleNAc) FIN,N-
LT (GleNAc), 7 i, [ i F1 A H-o/H- 15
5%} a/f GleNAc 1 B-a/p-f (GleNAc), FIFH X5 &k 47
e, ST LT WK AR =) S i o3 A, T i mT P43
AT JUT 5 T 010 At e, O3 T e 1) it 2% A1, S
o/ GIeNAc F -a/-B (GIeNAc), 7 % il 4 -

Peez Z5VF| H "H NMR & 5l & % 4. (polyethy-
lene, PE). % lif (polyethylene terephthalate, PET) Fl 5
K (polystyrene, PS)o  LAGTUARI 71 5% 42 it 715 5
AR, PE BL C. D, N5, BAH-1 F1 H-2 B4R 5 147
5EH; PET LA CDCIL/TFA 4: 1 NIEH, £ &5 5 NH-1;
PS DL CDCL N 7, 7 5 S 75 &5 315 55 R br dE
il 2RV R AT B . 1% A E B RAR T IR B A

FIRFE 1B, A5 5 35 KT 99%; #Effl B8 I e B 3 7
AR BAE X ], Bt AH 56 2R 2LE 0.90~0.99 2 1], 1iE ]
TR ES RS BN, SRR E
FHEE, QNMR SR1S BB A i S, 3 5 54— 3,
e & R B A AT Ee .
4 RESRE

AR QNMR PR FH S50 o Bff P 1) 5 (8] 35
S 7 AT M LR R . 5 A E & i BORAR B,
qNMR E A0 br i ORRE BE AR A AL B i VR
PESRSE R F R . R I AR IR W 45 B R H 1) 2D
qNMR 73 #r, BEBLIF fift vk 5 2% Ak 2 P AN TR B2y = Ak
@, FE R 245 B A ARSI B W 2 . 494,
qQNMR R FAAEA R, 5 HAh E BT AR LG, H R
ARG ACA, fHL 2 I 0 ok AR I IR R S ) L B v 31X
#% I B ISR B LA O AR IR AR Sk Al B A% W
FLIRPYZE R R K K, NMR RS 143 38 R 345 48
5. FIH HSQC 5& & /- AT i, ik 2 2 0% 14 45 i Lk Al
Sy FRE, SRFERT A8 K, BIE 75 K NUS™ VRT
(variation of the repetition time)™ " 3¢ i #1 S5 i ik
WHREMHEAR G ZHWE & IF H, Bt
COLMARGQ" ) 2 Ji& 2 i HAR AT nT 47 1 A

SR, Sk i) HSQC fik i 1 81 A AR T 78 Mk R
b, DR SR SR e N 3 L 2 b B ks O T ATA, X
KRKPRE T BRI —M R . R ik, B NMREAR
HIAS T % &, QNMR 1) 3% FH i A 98 vl 1

1B TIRk: FOUEIE 09T SO R I SCR S BT Tk
ZLAR TR ST T Ml A AR T A B
FUEERSE: A 15 5 A A 2R 00 5%
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