October 2015 185

W™ X

ENVESEREIEZFIR LYy~ A A hy 7l H o
ITVVBEPRYT TV OHEEEBEORSE
(FR27HE4 B THZHE)

I E=Y SZHHTF AEMERTF FEHF
ANEFE M B AEBY il !

Development of a Novel Method for Quantifying Quassin and Neoquassin
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A novel HPLC-based method employing molar absorption coefficient ratios to 4-hydroxybenzoic
acid (4HBA) was developed for the determination of quassin and neoquassin in Jamaica quassia
extract, which is used as a food additive in Japan. Based on comparisons of quantitative NMR
(qNMR) spectra and HPLC chromatograms of an artificial mixture of quassin, neoquassin, and
4HBA, the molar absorption coefficient ratios of quassin and neoquassin to 4HBA were determined
as 0.84 and 0.85, respectively. Quassin and neoquassin were quantified in food additives by gNMR
and HPLC based on molar absorption coefficient ratios using 1,4-bis {trimethylsilyl) benzene-d, and
4HBA as internal standards, respectively. The differences in quantitation values between qINMR
and HPLC analyses were below 1.2%. Our proposed novel HPLC-based quantitation method em-
ploying the molar absorption coefficient ratios is a reliable tool for determining levels of quassin
and neoquassin in food additives and processed foods.
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fE (BoE) 2 [RERXENVEE] P B3 E52 LT
H2DY ThbbLEHRMESEOT Shi 1o
W (FBRHALR (SD 2o FE ML —FE Y 71428
MRS NEEDE tWEEMEL LTHAVSZ LT,
XFXFELPETRPE oW TEBEESHEI N FR
GEBBEVSEEIRELIILTHE. ZOL) REBHLIL,
oNMR 2, BREBREMMARER, SRRNDEERS
DA B OREY 2HBICEM L. LHL, NMR
2R L2 RARBROAERILEYOBEROMIL, B
EROTERSE, METHEOI A CEELR LY
FoTWwa, Thbb, BEREIEELRDLORPERES
OEEAFEROLTIR, FTELMKOBRISBETE
T, KEBHEOHBILEY O L ERSTIT VT PR
THb, FIThbhbWIZoMELRET LD, #
EXHEWE L BHOBEEYELHHE, Thbh, #
EXNRYEORFEMEE AT EEYEICESHZ, |l
EREYWELFEA—OREMELVLEL L WHREESH
FORBEET>TWA.

VA hhy T HBE, BRERNIDAET 1O
WENTVERAEREO12THY, = FFHI vy <A
A h o v T (Quassia excelsa Swartz) O F /2138 R
X0, KTHHELTESNZDDT, £OEESE quas-
sin (1) 3 X neoquassin (2) TH % (Fig. 1). T 7=,
RABREEDEELY RSN T LB RAFR 27 v
YxiE, ZAFROV YA A AT, ZFHF (Picras-
ma quassioides Bennet) ¥ 7237 2 U H = F % (Quas-
sia amara Linne) # BER L T5HFB L LCEHINTE
D, ZOERSE quassin (1) B X Uneoquassin (2) T
HbHEEFEINS. LHL, quassin (1) B L Fneoqua-
sin (2) OEBABEREIRICTFESI A TR WAY,
HPLC& % Fl V7 8 Q@R AWIESRENTRETH D,
FHEZEEMELME SN TR,

FIT, BT, BT RY Y VIATES R
4-v FuoF Iy ZRAFHFH (4-hydroxybenzoic acid; 4HBA)
PNEEWEE L CGEREL, (NMR%Z B W T4HBAZ IE
FBICHEDTL, SHLIEgQNMRET74 M4+ —FT L
4 B HPLC (HPLC-PDA) 2 X 5l Z##E A 5 4HBA
12519 % quassin (1) 3B & U'neoquassin (2) OE IV
B EPE L, HPLC-PDAK BV CHIEN SMEDE
BERAREREZLEBEL LAVEEI D EHLERELHE
L, 208z E L7 (Fig. 1. £/, BRBMY
REERNBO v oA A Ay 7 HBWORBRERED
e DR L BHEBE20IL, Yy A7y 7
Wi e 27 v ¥ 2 R ORGSR OB 24772
DT, BETHRET .

ORAREFREERRBE IR 1 BEFERINYG 2 SIS E Y
A MOCPHBES A 23 H). HLE 565 (1996).
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Fig. 1. Strategy of International System of Units (SI)-
traceable quantitation of quassin and neoquassin

(a) Schematic representation of the strategy de-
scribed in this study. 4HBA, 4-hydroxybenzoic
acid. (b) Calculation of molar absorption coeffi-
cient ratio of analyte to internal standard (IS)
(Step 1).

ERERHE

1. ANBLUHRE

Trxw A Ahy Y7 HBWES (Jamaica quassia ex-
tract, 2%E3E M BEA~C BREEK) L RKBEHY
7 v ¥y B (Quassiar BED: HEEK) 13, —iH
FEAHFRERRNDHSEZACTAF L.

BRESTIY (TAY A F (Quassia amara Linne)
25 OB (quassin (1) B X Uneoquassin (2) D
& ¥), Cat. No. ASB-00017010-100, Lot. No. 17010-
185) &, #4747 A2 (#), 4HBA (Cat. No. H0207,
Lot. No. 44CWL-ST) I HFALE T () X VA L 7
bOEHAV. 42X MFTLEZNLANE) Y (4-me-
thoxy-1-vinyl-B-carboline; MVC (5)), 4,9-¥ X b ¥ ¥.1-
YoV p-A WAEY ¥ (4,9-dimethoxy-1-vinyl-B-carboline:
DMVC (6)) &, ZEHBHEEMARL VG5 L-db0%
J:: ARV

gNMREEWHIZIZ, L4AEX I AFA YAV E
~-dy (1,4-bis (trimethylsilyl) benzene-d,; 1,4-BTMSB-d,)
BEME (Cat. No. 024-17031, Lot. No. DCL1923, #iE
99.8:20.2%, FEME TG H) Z2H /2. NMR#l
EHBERLELTEASY /— )V (methanol-d,) (Isotectt
#) %72 1,4BTMSB-d, 2 # % % A Y methnol-d,
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B (NMREZ#ER) OBRER, REEEPESMHEY
» VEE Y £ F )V (diethyl phthalate; DEP) (5 & NMIJ
CRM 4022-b, #}¥99.98+0.01%, () ML EH
ZEATE) AHVTHRIEL:.

FOMOBRERXTRTHRERED 52 VWITHPLCH
7z,
2, % B

RESH T — & OBUBIZIZ, LL”FO)% EER L.

ERBAr v b5 7/EESWED (LC-MS): Waters
I ACQUITY UPLC/SQD system.

MBALBEE (NMR): +— b4+ 75— INM-
ECA 600 (HZA&E T (#) £, 600MHz). NMR® > 7 b
fii 1Z, methanoldi D BEF ¥ — 7 2 HE S 7 5
(3.30ppm) & LT, §fE% ppm By THL L.

3. LC-MSICKBHEHS D

BRI Y v =4 Hh v ¥ 7HBYRES L URRE
Broyvr8E (A~D) # A% /) =V T10 mg/mLiZ
TR, KEHVTAY ) — VEER35vol% o 5
IHWEHRL (35mg/mL), THDBERE02um A > 7L
YT7ANS—TAHBLELOFLCMSHAR®KEL, T
EOLC-MS &It L7

LC-MS ill5e 41

LC%&f: #5A, XTerra MS C18 (21mmid. X 150 mm,
3.5 um, Waters¥4); # 5 A, 40C : BEHH, 10 mmol/
L¥BR7 Y E=7A8KK 10mmol/L¥ET vy E=7 A
EHAY /—V=65:35 (0min)— 20:80 (25 min); &
A&, buL; it # 0.2mL/min: PDAK H 2, 200~
500 nm; M E, 255 nm.

MS&H: v Y5y -8
30V (ESI-pos.): ¥ — A & E, 120C
350C ; BLEHLA 2 WA, 600 L/hr
hr: A% v V8B, m/z 100~1,000.

4. EJVIRNHRELEOE L

B2 73 ¥ (quassin (1) B X neoquassin (2) #
BE&Y) BIXU4HBARAFITHI0Omg 22 LY, E
BHTBLZ3:1~10: 1ITHELEALLDOE 4K
AEL, ZBHE% methanol-d, 1.0 mLIZEM L 72 50E
% NMR%%%M c:% L., TEDqNMRE&FIZA L7

3.0kV; I— VBT,
a3 R,
a— A, BOL/

probe; Spectral w1dth, —5~15 ppm; Data points,
48,000; Flip angle, 90°; Pulse delay, 60 s; Scan times,
16; Sample spin, No spin; Probe temperature, 22~
25TC.

4HBA®2 6fL 71 b » ¥ 7 F )b (7.86ppm, 2H, d,
J=875Hz) L3, 5D 7T ¥ IV (6.80ppm,
2H, d, J=8.75 Hz) OFHMWFIL, quassin (1) O3 &
TR 7Ta sy 7 F IV (b2ppm, 1H, d, J=2.50 Hz:
H-3; 441 ppm, 1H, t, J=2.75Hz: H-7) @ F ¥ | M,
neoquassin (2)® 3% (5.48 ppm, d, 1H, J=2.50Hz) &
6z 7 ua b > vy v (5.32ppm, d, J=2.75 Hz:

H-16a; 4.75 ppm, dd, J=2.00, 9.75 Hz: H-168) ®F
TS 5 4HBA 2% % quassin (1), neoguassin (2) @
AERE T oELE M) 2HEB LA (Fig. 1b). gNMRW
FBUEERRHIC O E 6T 72,

KIZNMRABRE L SHERREZI O L, KRTHRLZ
%, TR OHPLC-PDAGMIZf L7 BEHKEK255 nm
B A 70 T4 LIZBE X7 4HBA, quassin
(1) B X Uneoquassin (2) O — 2 HEfE KD, 4HBA
1239 % quassin (1) B X U'neoquassin (2) OWLEL
(S) #H ML/ (Fig. 1b). %8B, HPLC-PDAMIZIZ%
ABHI D & FEATV SRR D72,

HPLC-PDABIE &M & 9 4, 44 EFEOODS (Cy)
715 & (Cosmosil 5C,3-MSII (4.6 mm i.d. X 150 mm, 5 ym,
F A4 7 A2 ()5, DAISOPAK SP-120-5-0DS-BP
(4.6 mm i.d. X 150 mm, 5 um, %4 V—(#)#), XTerra
MS C18 (4.6 mm i.d. X150 mm, 3.5 um, Waters¥L8),
L-Column2 ODS (2.1 mm i.d. X150 mm, 3ym, L% %
HAMEERE)) . 45 ARE, 40T BEME 0.1vol% ¥EE
BHK01vol% ¥BEH A Y /7 — )V =65:35 (0 min)
—20:80 (25 min); EAE, 10pl; & 0.1 mL/min
(L-Column?2 ODS) ¥ 72 {3 0.5 mL/min (Cosmosil 5C ¢
MSII, DAISOPAK SP-120-5-ODS-BP, XTerra MS C18) :
PDA *ﬁiﬂg‘g‘ 200"’500 nm. *ﬁ&(g’tﬁ 255 nm.

WHRoOEME (M) BX U!ﬁiy’z@ik& (8) @Eﬁﬁ:z’» 5,
4HBAZX§ 5 quassin (1) B & U'neoquassin (2) O E
Ve (SIM) &ke 7 (Fig. 1b).

5. HPLC-PDAICKDES

BERMB Y v =420y > THHEYERBLIURAE
BTy v 8 (A~D) 5~10mg 2 BHEICEDVEDY,
TR D GNMRIZ L B #EE-D 0 H5RE 3 172 4HBA 39.9 g/
nLEHOMPBREE20 mLIZEM L, HPLC-PDARR
B e L, THOHPLC-PDALMFICH LA &8, WE
12 34T - 72,

HPLC-PDAI £ 4. # 5 &, Cosmosil 5C,4-MSII;
0.1vol% ¥BEAH K 01vol% FMEHASY J — =
65:35 (0 min)— 20:80 (25 min); FEAE, 10ul:
#, 0.3 mL/min; PDARRIZ:. 200~500 nm; #IBHEE,
255 nm.

6. qNMRICKDEE

BRI Y v<A4 A% v o 7HEWEESL L URAE
oo vl (A~D) 50~70mg = BHEIZEDIRD,
RAEMEY) A TH 5 DEP 2 v CHKRIE L 72 1,4-BTMSB-
dy (0.20 mg/mL) &% methanol-d, (QNMRIZ#{%) 1.0 mL

z (@f’}% L, ZO#HEW600 L% NMRABREICHALL D

ZQNMRARHW & L2 ZONMRERHEH %
qNMR WAL, L4ABTMSB4,® 70 b ¥ ¥ 7+ VERK
(0.24 ppm, 18H, s), #» T, BHfli, #ME quassin
(1) 8 X Uneoquassin (2) KHRTHENEh D3
sa by vy AEHE (5.52ppm, 1H, d, J=2.50 Hz:
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quassin (1); 5.48 ppm, 1H, d, J=2.50 Hz: neoquassin
(2), ¥ & FHEMEH» S, quassin (1) B X Uneo-
quassin (2) OMPE (&R (ww)) 2HEH L.

4HBAIZOWTIE, Homg ik BBICEVR-Lbo%,
LD gNMRIBESERIZEMR L, 4HBAD2, 6fL 71 b~
7 F N (7.86 ppm, 2H, d, J=8.76Hz) & 3,57 |
Y F v (6.80ppm, 2H, d, J=8.75 Hz) » S FDOME
FEH L 2B, NMRMlER, &qNMRARHIZD
E3EfTVEE RO

BROLUER
1. LC-MSZRWZRIMIEEPD quassin (1) &
U'neoquassin (2) OEE

PN B % FI 72 HPLC-PDAZ £ 2 ER AT E % B
M3 ZT, FHEERE LTHERIY S y~1ddy
YT IES (A~C) LRBREFERZ v v 1EE
D) ILEFTNLIRGZLCMSEHVWTHBIT L. 08K
R, BALOHE L FEKICY, 48B3V T 255 nm 124
KERZEDORSLUPEE -2 LTHAIL:
(Fig. 2). MSANZ P IZBVTHRSL ITX, #hFh
m/z 389 [M+HI", 391 [M+H]"OEER LA L H 5,
451 % quassin (1), B4 11 % neoquassin(2) (16H7374K
BUAESY CtRELE FLZELE Yy<AA
Ay 7R R RIE, EERSTH S quassin(l) B

& U'neoquassin(2) DEHIZ, 11.-¥ 8 Fa-12- /7 V5 F
7 7 ¥ v (11-dihydro-12-norneoquassin(3)), % ¥ F
v-6-%~ (canthin-6-one(4)), MVC(5), DMVC(6) (Fig. 3)
DEIRASPETNTVBEIEEHLPIZL TR, &5
mOHPLCZ u~ b7 T ADHENE 105ICHLRL TR S
L, RS IVAHERTE 72 (Fig. 2). WAL IV,
MS ARZ M VZBWTEFNRZENm/z 379 [M+H]*, 221
IM+HI"OfZRLZZ LR ZHLOKRE LA
“PDAARANZ FIVERLZZ EDS, BOUL% 11-di-
hydro-12-norneoquassin(3), % %IV % canthin-6-one(4)
L¥EE L7, MVC(5), DMVC(6) 22w Tid, BIBER
255 nmZBITH 7 ux T A R EREPIZE -2
EHRH SR d o ds, m/z 225 IM+HIT(MVC(5)),
255[M-+H]"(DMVC(6)) ix2owToHlirsu<w ks s
AR, WHEOEMN L RFERERN (16.6 min: MVC(5),
22.4 min : DMVC(6)) 25—H T2 - PEHEI NS
Ehn, BHEEFIZMVC(B), DMVC(6) T HMEET
NTw5 I LRI,

7, BREFRETLIRFITOVWTHNMRD: 55
LHBANRY PVEROBZIIRE L. &8& (A~D)
L R¥ 2 7 > ¥ % methanol-d, 12 H L, NMRMl & %
Tol@#BResFRig 4R T. RE 7V ViE, FEE
(A~D) & d#lZneoquassin (2) & D b quassin (1) %
Z{EBLT0AHY (Fig. 5b), W LAWICHRT S >
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Fig. 2. LC-MS analysis of four food additives

(a) Product A; (b) Product B; (c) Product C; (d) Product D. (e)—(h) Magnification of chromatograms shown in (a)-
(d), respectively. The separations were carried out using an XTerra MS C18 column (2.1 mm i.d. X 150 mm). In MS
analysis (ESI-pos), the m/z for peaks 1, II, 111, and IV were 389, 391, 379, and 221, respectively. All HPLC chromato-
grams were recorded at 255 nm. I, quassin; I, neoquassin; I11, 11-dihydro-12-norneoquassin; IV, canthin-6-one.
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11-Dihydro-12-nomeoquassin (3)
MW378, 021 HSOOG

Canthin-6-one (4}
MW:220, C1,H,N,0

4-Methoxy-1-vinyl-8-carboline (5) (MVC)

R=H

MW:224, C,,H,N,O
4,9-Dimethoxy-1-vinyl-8-carboline (6) (DMVC)
R=0CH,

MW:254, C,sH4,N,O,

Fig. 3. Structures of minor constituents of Jamaica quassia extract

H-3 of quassin (5.52 ppm, 1H, d, /= 2.50)
H-3 of neoquassin (5.48 ppm, 1H, d, J= 2.50)

—
MJLLMJdkwhhgwwxuu WMLAAM%
o)
L L b b
(c) ;
e L b e
@
L L
@]
J,; 1“.,’*,‘.,;?’ SN 5
55 50 45 40 35
Fig. 4. 'H-NMR spectra of four food additives

(a) Product A; (b) Product B; (¢) Product C; (d) Product D; (e) Quassin standard reagent (mixture of quassin and neo-
quassin). Signals at 5.52 and 5.48 ppm were used for the calculation of quassin and neoquassin contents in food additive

products, respectively (Table 4).

FrVOMEREIRLZL D00, ERMYEE O H-
NMR A7 M viBRiE, RES 7V ICBPLTED,
Thbb, HHIEHSE, quassin (1) & neoquassin (2)
ThHHIEPHERIN. FEFERNM Yy <A 05y
TR L REER 2 T v ¥y BRORSHEBIKR
G EREHER SN o7,

2. 4HBAICHW T D quassin (1) B LU neoquassin

(2) OEIVIRFREEOE L

HPLC-PDAGH & TIZBT 5, EMLELVEGERE
k288327912, 'H.NMRAXZ Vv E & HPLC-
PDAZ = 25 L4 BBV Tquassin (1) & Uneo-
quassin (2) & RiFL0M2R3{b&We, FHEERH L

—

LTEETALENDSE (Fig. 1. Fig. 5IRT X1
TH-NMR AXRZ + VIZBWT, quassin (1) B X Uneo-
quassin (2) 1%, 6.0ppm & DKL 7FF L ERE
B EpZ e s, —fEI26.0 ppm & D KRS
MR FF N2 RTHFEHEABRED, quassin (1),
neoquassin (2) ONEHEYHE LTHFF L EEZ .
ZTIT4HBAXNERYE L LTHE 2 7TV v EREL
BEBEVELZHABELRBE L TENENGQNMR %
7oz, ZOE, dHBAOH-2EHBIZHET 21200
Y750 (7.86 ppm, 2H, d, J=8.75Hz) * H-3 & H-5(c
HETE1o03 7V (6.80 ppm, 2H, d, J=8.75 Hz),
% L Taquassin (1) #H-3Y 7+ IV (5.52ppm, 1H, d,
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(a)

(b)

H-3 of quassin H-7 of quassin Quassin
H-3 of neogquassin 4HBA 125,71 5
£ 76,689
H-160 of neoquassin =
w0 .
5 Neoquassin
3 106,014
o
8
<
esecer . T = T . 3 e Ty SRS SARANERRRN! TTTTY T 7 T i T T
75 7.0 8.5 6.0 5.5 5.0 4.5 400 6.00 8.00 10.00 12.00 14.00 16.00
ppm Retention time {min)
Fig. 5. 'H-NMR spectrum and HPLC-PDA chromatogram of 4HBA and quassin standard reagent (Test solution 1)

(a) Signals used for the calculation of the molar ratios are highlighted in gray. (b) The separations were carried out
using a Cosmosil 5C5-MSII column. Flow rate, 0.5 mL/min. Area values are indicated above the peaks.

Table 1A. Relative integral values determined from gNMR spectra for each test solution containing 4HBA, quassin, and

neoquassin
4HBA Quassin Neoquassin
Integral value  H-2and H-6 H-3and H-5 H-3 H-7 H-3 H-16 (H-16a+H-16f3)
8 7.86 ppm §6.80ppm 6552ppm S4.41ppm 8548 ppm 8 5.32 ppm and 4.75 ppm
Test solution 1 2.00 2.01+0.00 2.060.00 2.00%+0.01 1.63+0.00 1.64%0.04 (0.39£0.00+1.25£0.04)
Test solution 2 2.00 2.01£0.00 0.62£0.01 0.600.00 0.49+0.00 0.527%0.01 (0.14+0.00+0.381+0.01)
Test solution 3 2.00 2.00£0.00 0.62+£0.00 0.63%0.00 051000 0.542£0.02 (0.15+0.00+0.39£0.02)
Test solution 4 2.00 2.00£0.00 1.0410.01 1.050.00 0.83+0.00 0.87£0.03 (0.25+0.014+0.62£0.03)

The integral value of the signal observed at 7.86 ppm in each test solution, which was derived from H-2 and H-6 of 4HBA, was set
at 2.00. Each integral value is the mean®=SD of six independent determinations. Solvent, methanol-d,.

Table 1B. Relative molar values determined from qNMR spectra for each test solution containing 4HBA, quassin, and

neoquassin
4HBA Quassin Neoquassin
Molar value
Average Average Average
Test solution 1 1.00 2.03 1.63
Test solution 2 1.00 0.61 0.51
Test solution 3 1.00 0.63 0.52
Test solution 4 1.00 1.05 0.85

The molar values of 4HBA in each test solution were calculated from the 7.86 {(derived from H-2 and H-6) and 6.80 ppm signals

(derived from H-3 and H-5) and were set at 1.00.

J=250Hz) L H77F)V (441 ppm, 1H, t, J=2.75 Hz)
¥ 7zneoquassin (2) NH-3> 7+ (5.48 ppm, d, 1H,
J=250Hz) LH-16022oDY 7 F ) (5.32ppm, d, J=
2.75 Hz: H-16a; 4.75 ppm, dd, J=2.00, 9.75 Hz: H-16f3)
DI HEVICRIFTH 72 (Fig. ba). D%, EE
DETODY ZFNEAV, KEREIZBIT 5 4HBA T
% quassin (1) B & Uneoquassin (2) DTN M) %
BH$aZ izl 4HBAOH-2LHGIZHETS 1D
DY TFNEREEL200CRELEBIZSLONS,
4HBAOH-3 & H-5ICHET 2 VP VO ER,
NOBRBERITBVTH, 2.00£0.00 F 72132.01+0.00
THY, QNMREBIEEUSRBENTWE I L2/

BTE ZOFEHBFTTEHEZ LN 5Squassin (1) BLU
neoquassin (2) {ZH®T 55200 ¥ 7 F Vil % Table
AR L7 R, Y2 VERMEZBEET S 7O b
YHETBRLEE BIEYIIBILAITREOBEELEN
L, dHBAOYHH 100X ZEL-BICS 2603
quassin (1) 3 Uneoquassin (2) OWEE (ENl (M)
(quassin/4HBA, neoquassin/4HBA)) % Table 1BIZ/RL
7z,
gNMR & £ ¥ #1112 B 1T 5 quassin/4HBA, neoquassin/
4HBA OWOREE () ZHMT 57012, qNMRIZAW
PzRARN % 3585 £ 7212 17545 (L-Column2 ODSHR )
AL, HPLC-PDATHMT L7z, BEIHIC0.1v0l% ¥
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Table 2. Effect of flow rate on absorption coefficient ratios

Area value (Retention time (min))

Absorption coefficient ratio

Flow rate (mL/min)

4HBA Quassin Neoquassin Quassin/4dHBA  Neoquassin/4HBA
0.30 128,727 (9.9) 207,767 (16.4) 176,677 (19.9, 20.3) 1.61 1.37
0.35 110,380 (8.7) 178,874 (14.8) 150,751 (18.3, 18.7) 1.62 1.37
0.40 96,442 (7.7) 155,871 (18.6) 127,019 (17.1, 17.5) 1.62 1.32
0.45 85,774 (6.9) 139,556 (12.7) 117,660 (16.3, 16.5) 1.63 1.37
0.50 76,689 (6.3) 125,715 (11.9) 106,014 (15.3, 15.8) 1.64 1.38
Average 1.62 1.36
SD 0.01 0.03
RSD (%) 0.63 1.89

A mixture of 4HBA, quassin, and neoquassin (Test solution 1) was subjected to HPLC-PDA analysis using a Cosmosil 5C;5-MSII
column. Absorption coefficient ratios were calculated from the peak areas of HPLC chromatograms recorded at 255 nm. RSD, rela-

tive standard deviation.

Table 3. Molar absorption coefficient ratios of quassin and neoquassin to 4HBA

Test solution 1 Test solution 2 Test solution 3 Test solution 4

Molar ratio of quassin to 4HBA

2.03 0.61 0.63 1.05

Column Molar absorption coefficient ratio of quassin to 4HBA Average SD RSD (%)
Cosmosil 5C;-MSIT 0.81 0.82 0.83 0.83 0.82 0.01 1.3
DAISOPAK SP-120-5-ODS-BP 0.83 0.84 0.85 0.85 0.84 0.01 1.3
XTerra MS C18 0.81 0.84 0.84 0.84 0.83 0.01
1.6 L-Column2 ODS 0.84 0.83 0.87 0.86 0.85 002 20

Average 0.82 0.83 0.85 0.85 0.84

SD 0.02 0.01 0.02 0.01 0.02
RSD (%) 1.9 0.83 2.1 1.6 2.0
Test solution I  Test solution 2 Test solution 3 Test solution 4
Molar ratio of neoquassin to 4HBA
1.63 0.51 0.52 0.85

Column Molar absorption coefficient ratio of neoquassin to 4HBA Average SD RSD (%)
Cosmosil 5Cs-MSII 0.85 0.84 0.84 0.86 0.85 0.01 1.2
DAISOPAK SP-120-5-ODS-BP 0.84 0.83 0.84 0.86 0.84 0.01 1.6
XTerra MS C18 0.84 0.84 0.85 0.85 0.85 0.01
0.66 L-Column2 ODS 0.86 0.83 0.85 0.86 0.85 002 20

Average 0.85 0.83 0.84 0.86 0.85

SD 0.01 0.01 0.01 0.00 0.01
RSD (%) 0.98 0.93 0.75 0.50 1.4

All test solutions were subjected to HPLC-PDA analysis, and absorption coefficient ratios were calculated from the peak areas of
HPLC chromatograms recorded at 255 nm. Molar absorption coefficient ratios were calculated by dividing values for absorption co-
efficient ratio by values for molar ratio. Flow was set at 0.1 mL/min (L-Column2 ODS) or 0.5 mL/min (other columns). RSD, rela-

tive standard deviation.

BEHKE AW, 0.1volFBREF ALY/ —LEBWE L
T, BHEAT255 W T35%7% 5 80% & 7 5 M B THH
L7=&Z %, 4HBA, quassin (1) X Uneoquassin (2)
BT L: (Fig. 5b). $7:, 4HBARSHEICE
ABREINEES255 nm % /R L, quassin (1), neo-
quassin (2) DRI L 255 nm ICHWRBINEZR LA £2
T25mmil BT A ZNEFhOE — 7ML S WEER
(S) »EHTHZLITLT

T, HHIC L ZWBEL (S) ~OEEICOTHRE
L 7:. Cosmosil 5C,s-MSII#H T & % H T, 4HBA & &

H Ty RBELEABM (Test solution 1) %, &
0.30, 0.35, 0.40, 0.45, 0.50 mL/min T, B¥ 25254 M T
355 5 80% & 7 A E A E OHPLC-PDASZM I L,
WHEL (S) #BEHLALI A, REIEBTILIZE
Y— 7 EE B & ORBEEITED L2, 4HBACHT 5
quassin (1), neoquassin (2) OWRIEEE (S) HiE & A
FEAAL W EHFEO L o7 (Table2). 2072
», 4HBAIZ#$ 5% quassin (1), neoquassin (2) ®E L
ORI OB IICIE, NEN46mm O N T AIZD0T
EH&E0.5 mL/min, WEP2.1mm DA F LI VT,
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B ADOWELZERL THEOL mL/min TODHERE 4HBAIZ Bk ¥ A H-2, H-6 > 7+ )V (7.86 ppm, 2H, d,

HuwasI kL. J=8.75Hz) £ H-3, H-5 2 FJ (6.80 ppm, 2H, d, J=
Wiz, 4AFOODSH 5 A2 BT T, 4HBAIL  8.75Hz) OHIW R, 4 F&, #FEME, 1,4BTMSB-d,

9 % quassin (1), neoquassin (2) OREEL (S) %, OEESEPLHMELER L. FOEER, AR CERL

EBROGNMRIZE W ESRZELVE (M) TRL, 4HBA 72 4HBA® #i B (wiw) 13100.431+0.16%, RSDI30.16%

1239 % quassin (1), neoquassin (2) ®-E N BB FEEL THhoz.

(SM) #BEH L7z ZORE (Table 3), 4FEDOH 5 AT 4. EIVIRAEBHEZEFNR U HPLC-PDAIC K SRE

BLHENEERE (RSD) &2 o272 0iE, L-Column? $D quassin (1) B&U neoquassin (2) DEE
ODSTh . ZDfEiZquassin (1), neoquassin (2) 3t RO GQNMREIL L > TEBShAFR LD, AEgHE

20% ThHotz. F/4FOH T LM T, 4HBA, quassin WETH 2 4HBAOHME% 100.43% L FRE L, gNMR &
(1) 3 & Uneoquassin (2) ORFEEIIR L 72205 7 HPLC-PDA % $f 8 L TEHM S h7- VIR RE = #H
5 ARIIZBT A RSDI20.83~2.1% (quassin (1)), 0.50~ L 7 HPLC-PDAIZ & 5 &I E 5 O quassin (1), neo-
0.98% (neoquassin (2)) TH b0, Bhdh T r2HW quassin (2) OHFEEWE L7z, 4HBA 39.9 yg/mL % &
BRI AHBA KT 5 T VIBOGHRETE (S/M) IZEENFITL LB BRI LS 2 B L7210 (L & HPLCIC
AEELTWARWT AR SN, fFL, BEE2550m T, E— 2235 HLTwAI L%

D EOBEHERED S, REFETH /72 HPLC-PDA 5#7 FERL, B —2RiERD (Fig. S1). FEIZBW
SHIZBVT, —HHELODST S LA ERAVWEED T4HBAD Y — 7 HiR # EBRICEA L/-4HBADYH E
quassin/4HBA B &£ Fneoquassin/4HBA @ € VIR R EL THRIEL, &RMWE SR P D quassin (1) & neoquassin
(S i3, ZhEho084, 085 THYH, HEB LUK (2) BEZ*4HBAMYEWERE L LTHEHE LA 25100
BREMOMEEZITIIWRERMTH LI LB St BTROLZEZLEWO4HBAIIHW T 5 T VBRI
o7 0.84B L U085 W THIEFE T 52 & T, quassin

3. gNMRIC KD 4HBA DHIERE (1) & neoquassin (2) NEHMLYEETERL, KR

bbb HEE LT VIRE5RE 2 FH L7 HPLC- FOEEEPERE LA FORE, Table 412777 & 9 1S,
PDAIZ X % quassin (1) B X 'neoquassin (2) OEES BRSO quassin (1) & neoquassin (2) O&EE
WMETERLZEEELBL 20103, WEEWEL TS (wiw) 1&, Fh#FN122~14.3% B £ 139.4~41.9% T
AHBADIEHE L MEVSEMTH A LERH L. £ T, % Y, RSDIX0.09~0.42% 3B X U°0.07~0.42% TH b,
Fig. 1allR T L 5 IC4HBAOMERME LT o72. T4b R E R BB % quassin (1), neoquassin (2) D&
LEEHRE FRICYY, BFEEN NV -F U F SRS BUIREZBEIEEIh 2o

N7 EEwE (CRM) THADEP 2 —RIERYE & 5. gNMRIC K BEBERDquassin (1) B XU neo-
L THWw, NMRE # % & 0 1,4-BTMSB-d, ® i & % quassin (2) DEE
DEPIZ X W BIE L7112, 1,4-BTMSB-d, % “WRIZH# L ABFEHLC-MS B & I'NMR % Fl v 72 K &5

L T4HBAD QNMRHAE %17 5 2B B0 F XNz FH iz DEGFHro/BONLHERIY, SNPELLER
1,4-BTMSB-d,®» ¥ 7+ )V (0.24ppm, 18H,s) B L U gNMR # > T quassin (1) & neoquassin (2) % EH T

Table 4. Quassin and neoquassin contents in food additive products, as determined using HPLC-PDA and qNMR

HPLC-PDA qNMR
Food additive
Quassin Neoquassin Quassin Neoquassin
Product A 12.240.01% 41.8£0.07 12.840.04 40.61-0.12
0.12* 0.17 0.30 0.30
Product B 14.020.03 39.41+0.07 14.0%£0.15 39.5+0.22
0.22 . 0.18 1.08 0.55
Product C 14.2+0.06 41.9£0.18 14.440.04 40.84+0.10
0.42 0.42 0.29 0.26
Product D 14.3%0.01 41.930.03 14.71+0.19 41.0+0.20
0.09 0.07 1.31 0.48

Samples of four food additives (A, B, C, and D) were dissolved in 35 vol% methanol containing 0.1 vol% formic acid and 4HBA
and analyzed by HPLC-PDA using a Cosmosil 5C,5-MSII column. Flow rate, 0.3 mL/min. Chromatograms were recorded at 255 nm,
and the levels of guassin and neoquassin were calculated based on the molar absorption coefficient ratio to 4HBA. Food additives
dissolved in methanol-d; containing 1,4-BTMSB-d; were subjected to qNMR analysis. Signals at 0.24 ppm (1,4-BTMSB-d,),
5.52 ppm (H-3 of quassin), and 5.48 ppm (H-3 of neoquassin) were used for the calculations. ** Data are shown as the mean®SD
(%) of three independent determinations. *? RSD (relative standard deviation).
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HIEVUETHL EHBL, FToBREELL i
4HBA % PUEHEY HE £ L7 HPLC-PDAIC X % EEAERIZ
DVTEA 247> 72, gNMR T3, R s o ik
WOEENR SN E Vv quassin (1) B £ Fneoquassin
(2) HH-3Y 7 F 1 (5.52ppm, 1H, d, J=2.50 Hz: quas-
sin (1); 5.48 ppm, 1H, d, J=2.50 Hz: neoquassin (2))
PEENBRT TNV E LT (Fig. 4). 4HBA O gNMRIZ
T AMERE L FAHICL4BTMSB-d, DY 7+ VBLT
quassin (1) & neoquassin (2) LHER T B ENETLD
H-3Y 7 FVoxtEsE o782, FEME 1,4-BTMSB-
dy D L5 5 quassin (1) & neoquassin (2) DIEFE
GEERER L TOEE FRNPEGHIIBTS
quassin (1) & neoquassin (2) DEE (wiw) 13128~
147% B X 1U°39.5~41.0% Th o7z (Table 4). gNMR
& T ORSDIZ. 0.29~1.31%, 0.26~0.55% T & - 7-.
COEBMERYL, HBAZWEREYWHE L L 2HPLC/PDA
WEAEEBHBEOMICIE BEACERNERIRT,
12% U T ThHholz. TOZ E&h s, 4HBA L OENVRNK
B % W L7 HPLC-PDAIZ & % quassin (1) B X U
neoquassin (2) DEEBHEE, FHAEZEEEIBEONIE
EORWEBETHLILFHLI LT,

& B

A TIE, AR Y y<A4 2%y Y7 HBYB X
ORRER 27 7 v ¥ v BEF O quassin (1) B & Pneo-
quassin (2) OFBEESMEORELITo 7. SHEREL
MR BN HPLC-PDA L, MER*EREETRE
Z“qNMRZEZGFH L, HIEdSWE L HNONEENE L O
Mo WERREOK, Thbb, EVIOUHRKILE
BRI CHLI EEARLE. 2512, TNVEMREILE
BHTAILICE-T, MEHEWELEELLWELE
BRANEHEY R & L7 HPLC-PDAZ L 2 ¥l e B it
DPRETEDLI L ERLT.

BFEENILV-FEY 74 RSN 4HBAETHR
ENRTWwiV, Vel hhy YT HBYT O quassin
(1) B& Uneoquassin (2) OLWLEEEL LT, T
TOFHBEETNMREBEVTERL L TRV LEEERL
T, HPLC-PDATEEWHRAZAREEZRATS 20, 4
%, BEEPEETH4HBAREOMEII OV THET
LUENH L. HiHwik, RECELEEL, HEFH
L—%EY F4 PHBEINI4HBADOREEZ K S Z L8
VHLEZ TV,

AW TR LUZFREESTEEL, BOWGMEHT
TiHsb00, HENEMENZERBERIGAFTE
WS OIEMLERESAES LUSHRBIZE 2 E 2
Lhbh, T, 1BEOTEREERICHTS, 2F8F
GUESEDEOYERBEEOL2ERL T LT,
HENEYELA—-0OEERHBEERELEL L2V ERY
MEPHEEEFEBETETHL LEZ SN L
5, A SSREPORARLBRIHTLITETHS.
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