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Fig. 5. MS spectra of increased/decreased markers from degradation of infant
formula, and standards of nicotinic acid and nicotinamide. LC-MS condition: ESI-
TOF/MS positive ion mode. (A) MS spectrum (m/z 50-300) of infant formula from
control at retention time (6.2-6.4 min). (B) MS spectrum (m/z 50-300) of nicotinic
acid at retention time (6.2-6.4 min). (C) MS spectrum (m/z 50-300) of infant
formula from 37 °C condition at retention time (5.1-5.3 min). (D) MS spectrum (m/z
50-300) of nicotinamide at retention time (5.1-5.3 min).

departs from zero, the more it contributes to the difference
between the two groups; the Y-axis represents the variable confi-
dence, and the further the unknown compounds, m/z and retention
time pair point departs from zero, the higher the confidence level
of the ion responses is for the difference between the two groups.
This pair points at the two ends of “S” represent those components
contributing most to the difference between the two groups with
the most confidence, which could be regarded as the most differen-
tiating components. For the extraction of potential markers of the
group separation, the cut-off of the variable confidence was
approximately 0.9 for the increased markers (red-box) and —0.9
for the decreased markers (blue-box) in the S-plot. This result
showed that a total of 144 peaks (increased; 92 peaks, decreased
49 peaks) were analyzed to identify possible marker candidates
based on this S-plot. Moreover, these peaks of ion intensity from
37 °C and the control conditions were evaluated by a univariate
analysis of the extracted MS chromatograms (Supplementary data,
Fig. S-2). From the results of univariate analysis (increase-decrease
rate: 80%), the strong candidates were assessed in the degradation
of the infant formulas (increased; 31 peaks, decreased 5 peaks).
Based on the available metabolomics databases, a list of m/z values
is screened by elemental compositions. In this result, we could
identify two markers by comparison to database and
standard-matching method of nicotinic acid (m/z 124.04) for
increased marker and nicotinamide (m/z 123.06) for decreased
marker. These MS spectra of the infant formula samples and stan-
dards with the same retention times are shown in Fig. 5. This

identification of the increased/decreased possible markers of nico-
tinic acid and nicotinamide is very interesting for assessment of
the infant formula degradation. Nicotinic acid and nicotinamide
belong to the classification of vitamin B (Niacin) that is included
in infant formula and human milk (Hampel, York, & Allen, 2012;
LaCroix et al., 2001; Shin, Kim, & Lee, 2013). Moreover, a recent
report of bacterial metabolism in model cheese that each nicotinic
acid or nicotinamide is significantly increased and decreased upon
incubation at 30 °C for 48 h (Le Boucher et al., 2013). However,
nicotinic acid is not a sensible additive to infant formula. Thus,
future studies would determine both nicotinic acid and nicoti-
namide for stable species and formed various kind of infant formu-
las degradation.

4. Conclusions

An LC/MS assay based on HILIC mode for determining the
unknown compounds of infant formula based on a multivariate
statistical analysis is described. As a result, the origins, types,
contaminations and degradations of the infant formulas were
possibly evaluated by LC-MS assay and multivariate statistical
analysis. However, the identification of various markers from
OPLS-DA would require the use of various reference databases,
matching-standard method, and future studies to correct the
native mass spectra during the MS process. On the other hand,
we could identify two markers by comparison to known standards
of nicotinic acid and nicotinamide based on the metabolomics
databases and standard-matching method. Among them, we can
apply a new approach the PCA and OPLS-DA of the LC/MS data
from low-molecular-weight compounds for the quality assessment
of infant formulas.
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“Licorice oil extract” (LOE) (antioxidant agent) is described in the notice of Japanese food ad-
ditive regulations as a material obtained from the roots and/or rhizomes of Glycyrrhiza uralensts,
G. inflata or G. glabra. In this study, we aimed to identify the original Glycyrrhiza species of eight
food additive products using LC/MS. Glabridin, a characteristic compound in G. glabra, was specifi-
cally detected in seven products, and licochalcone A, a characteristic compound in G. inflata, was
detected in one product. In addition, Principal Component Analysis (PCA) (a kind of multivariate
analysis) using the data of LC/MS or '"H-NMR analysis was performed. The data of thirty-one sam-
ples, including LOE products used as food additives, ethanol extracts of various Glycyrrhiza species
and commercially available Glycyrrhiza species-derived products were assessed. Based on the PCA
results, the majority of LOE products was confirmed to be derived from G. glabra. This study sug-
gests that PCA using 'H-NMR analysis data is a simple and useful method to identify the plant
species of origin of natural food additive products.
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LTAFTRL, bR, &R Baiimyi e LTiE
IECHVWORTWARAEYHME TH B, HATIZ1996
FEORMEEEREREICIBVWT, FhURNER STV
LERE RGO BRRMY (RAFkOR SR
PEEFERMY S IR s iz, BRI & I
WS- ERPND 2 BERMwE L, 1996 F LIS #
BLTEOERHSEDO LN H Y REBEET LA
WIENCIE, H R s LU vV Y
(e [H i) BXI0 Th il
Bl ERE) BB [H oy mEmbBy]) &, BRER
EAE LTEASH, BERMBEE " CBwT, [V
VAYIT, FadhhryoXUTIvh Ty oRIIL
MENLBONG, 79K/ 4AF2ERGTETEHOEV
9) ERBEIhTBY, F7, BEARNYREINERRBY
A MO W ATIBCT, xRS vh s
V' {Glycyrrhiza uralensis FISCHER), < A®Fa v
# 5> 7% (G. inflata BATALIN) Xid< x® 3o v
V'Y (G. glabra LINNE) O F 721 3REZ K THRE L7
BiEXY, BRE~RELY /N, 7TE b rUinFH
vTHRLTELRZDOTHE., EHFIET7IRIAF
Thb] LEWINTwE. —F, HEBLLTERSR
5 [ o7 35 s iRE MRy A s 2 2
DB EINTBY, [75VH Y (Glyeyrrhiza uralen-
sis Fischer), ¥ a o h # ¥ V' 7 (Glycyrrhiza inflata
Batalin), =7 ¥ V' (Glycyrrhiza glabra Linné), X
2N O DOEFEYORE L L BREL L/ OIS, 7Y
FNIF UV BEER T ETHLDTHA] LEHREINT
b, FThbb, [Hr oMby 8L A vy
MY OmEITHMBESRL 50, LBOIEOREER
MHPERINTVE.

—%, BTARERRERF (BR)*" RS Tw
BhrUy (EEAH Uy ERE & EEEMELT
G. uralensis B £ 'G. glabra D 2O ADHE S LT w
B. HFEH Uy OEFEWEOMRD D, HEFENL
HYONE, LCTu7 74 VRSB REHV%
EEBN, BXUNMREEHEREHAVILEEHBTIZL
D, EBREFEREOEAICETLIHEN 2SI TY
BUVTW . —F h vy R ERE LT AR ORER
MM OMATIZH T A AFE & 3% <, £ ORFERYHIC
BT aBHMITFEEIIZ L.

MEEEEREINE "BERNYLE FHRsE4H16H
(1996)

OMEBZTREBN CBERBEEEICES GRINpORREIZD
WT, FIRIBEFRNYZEINESE ) 2 N FR224 10
H208, HERE3TTS (2010

SRR ATE, BEASHE  (2007)

Mg ANRIERARER S, EEFHE (201D

[ v 7] i, F8EmTMY &g E IR
Eh, ZORFEHEYBIIERINTVDEY, [H VYl
ML | XATERDRTH Y, AWLBAE, HEREH
WERREXIRTVERY., ZOLIBRHEER»S, [HoY
THEREY ] OSBOBAEREE A, TIHITT TR
BLTYS [HryyoEmty] o®Giionwe, 20
BB ZHOPICTAELBIZ, TOBRDEFEBIV
HROBEREEWEHROBIEH» & LW ORI
BELihb.

AR TIE, BRI X D RIED A » o Bk
MEAPHEET L0, [H Yy oymmby] omBRg
SHIKAZHWT, 3SBOA YV EHYBIISEINLE
W TRED W W 2o TOLOMSIZ L 2 ERZITV,
[ ol ks v yynry ) — Vil
RO 2 B L7z 72 [y vkl Bk
U'Z R FEHEYFE R G Ok & 7 >y BRELE
PHEOLY ) — VY OF 314k D LC/MS (SIR) #l
E7F—%, NMRH#lZET—% %A, EEEBFHITZLDEM
WRROEFREOMABL L UHE 2 RAT-OTHET 5.

EEBRAHE

1. & 2

REFZECHEA L2RB0—E, BLUZORIKELHMHE
WL B O ERWAE % Table 1I2RT. BEFERNY (4>
Vs TR (S1~87), [H vy S
Wl oK 18T (S8), BLURMPEESILS6DE
EEHEYOH 7B (898 X U8S10) F, BHARAERR
a2 B L CHESNAEbO2FER L. sHor »
Vo BREWEOR (S11~815) ¥, BEMXMEHEBEANE
SR - R - REVMRREREDERMEE Y ¥ — (K
) XIEBMLZLoRER L vV uEERETS
g LT, £%¥AH Y (Glyeyrrhizae Radix) 6 85
(S16~S21, ENAEELF4HE1I28F, 0o b
PEEARG, BEEMEEZ L2EE) BXUHRBINEE
#h 'y KR (Glycyrrhizae Radix Pulverata) (34
YYURERRT) 18 (S22, EEMEEEL), BIU
Mo H Yy 8E (FEVERBERZRMN, H—7
TA =, TV AN, WEH: S23~S34) 128 FE
AL, ¥z Lz 4, Ty omEdHmyl Lo
KB o0, BAREGBMIHE Z 8L s S h-BE
wm TA vy Y] 285 (S35, S36) 1I2DwT
b, FERRIZATEIT 72,

2. & -
HYVIHRDT IR 4 FEB IO R g e
(Fig. 1) OEBBAELE LT, kO THOMKRAK 2 H W
7z. 0 ¥ 4 ) F ¥liquiritin (1) R Y6 #b 3E T % (%),
Cat. No. 129-05341), 25 7Y ¥ » glabridin (9) (fI¥
MO 3E T2 (¥R), Cat. No. 070-04821), J a2k b a v A
licochalcone A (8) (SIGMA-Aldrich Co., Cat. No.
68783), J 7 4 ) F 4 =  liquiritigenin (4) (Chroma-
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Table 1. Information about licorice oil extracts and the related Glycyrrhiza samples

Sample
Glycyrrhiza species™ (of origin plant) Form
No. Type
Licorice oil extract
S1 Food additive G. glabra Lump of powder
S2 Food additive G. glabra Liquid
S3 Food additive G. glabra Powder
S4 Food additive G. glabra Powder
S5 Food additive G. glabra Powder
S6 Food additive G. inflata Powder
37 Food additive — Liquid
S8 Food additive (preparation) G. glabra Liquid
Root of Glyeyrrhiza plants
S9 root, raw material of S1 G. glabra Torn
S10 root, raw material of S6 G. inflata Torn
Root of Glycyrrhiza plants cultivated in NIBIOHN**
Si1 root G. glabra Whole
S12 root G. glabra L. var. glandulifera Regel et Herder Whole
S13 root G. uralensis Whole
S14 root G. echinata Whole
S15 root G. pallidiflora Whole
Glycyrrhizae Radix
S16 Herbal medicine G. uralensis | Chip
S17 Herbal medicine G. uralensis Chip
S18 Herbal medicine G. uralensis / G. glabra Chip
S19 Herbal medicine G. uralensis ./ G. glabra Chip
S20 Herbal medicine — Chip
521 Herbal medicine — Chip
S22 Herbal medicine — Powder
Commercial Glycyrrhiza product
S23 Herbal tea (root) G. glabra Chip
S24 Herbal tea (root) G. glabra Chip
S25 Herbal tea (root) G. glabra Chip
526 Herbal tea (root) G. glabra Chip
827 Herbal tea (root) G. uralensis Chip
528 Cosmetic material (extract) G. uralensis Liquid
S29 Cosmetic material (root) — Chip
S30 Cosmetic material (extract) — Liquid
S31 Herb tea with licorice — Chip
S32 Herb tea with licorice — Chip
S33 Supplement G. glabra Powder in capsule
S34 Dentifrice — Paste
Licorice extract
S35 Food additive — Powder
S36 Food additive — Powder

*: Except for samples S11-S15, the species mentioned in the incidental information of the samples.
**. National Institutes of Biomedical Innovation, Health and Nutrition.

Dex. Co., Ltd., Cat. No. ASB-00012291-010), 4 VU ¥
4 1 F 4 = Visoliquiritigenin (5) (ChromaDex. Co.,
Ltd., Cat. No. ASB-00009265-005), 7V F VY F » BiR
# F glycyrrhizic acid (18) (FIJE#iZE T3 (#%), Cat. No.
071-02271) B L U7 ) F 1 L F » B glyeyrrhezinic acid
(glycyrrhetinic acid) (14) (FIEH#E T (BR), Cat. No.
072-02181). F7:MOEFHERSIT VI N b HHIEmA %
WA, b LLRAFREETH -0, BIFLSVBEHEL v
VB L ) EEEL 7z glabrol (10) (Fig. 1), BXUH

HoMBEEH I ERY X D BEEL 7> isoliquiritin (3),
isoliquiritin apioside (2), glycycoumarin (6) (Fig. 1)
%, HEmoEEEERE LTHW:.

NMRH ERHEBEEIZIZE A% / — ) (methanol-d,)
(Isotectt, Cat. No. 151947) % H\v», HIEEME L L
T 1,4-BTMSB-d,{Z ¥ % & (1,4-bis(trimethylsilyl) ben-
zene-d,) (FIYEREBE T (BR), Cat. No. 024-17031) #H
Wiz, REDSAORE - BT CHRERGD B il
HPLCH%ZHHL 7=
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OR4 OR HOH,C
0]
HO o O Ho Glc = H%&,‘g
O O ey
Glo(2—1)Api = HQ’M/"
4 OH O o o
Isoliquiritin (3) (R,=Glc) Nkl
Lo _ 17
Liquiritin (1) (R,=Glc) Isoliquiritigenin (5) (R,=H) OH OH
Liquiritigenin (4) (R,=H) Isoliquiritin apioside (2) (R,=Glc(2— 1)Api)
Glabridin (9)
HOOC
Q
H(?-!O 6)
HOOC
HY, AN
© on Glycyrrhizic acid (13) Glycyrrhezinic acid (14)
Fig. 1. Chemical structures of components in Glycyrrhiza plants
3. B B (99.5%) 3mLIZFEL, #RTI16 hili L7z, 10,000 rpm

ZHOH 7 — & BRI, ROBERE AV

BEBEEs O 7T 7/EESIET (LC-MS): Waters
FHLC-MS system (Alliance 2695, 2996 photodiode ar-
ray (PDA) detector, Quatro Micro triple-quadrupole
mass spectrometer).

BAR LR (NMR) #E: JNM-ECA600 (HAEF
(#%) (JEOL) #, 600 MHz ('H)).

4. LC/MSI[CKDHONMBLUEE

4.1 LC/MSI[CKBDHZ I

BEREE (S1, S3~S6, S35, S36) 130.2 mg/mL, A
B (S2, 87, S8, $28, S30) X 1mg/mL DX ¥ J — Vi
WEZNZNFAL, 10,000 rpm T2 HELDHL 72
%, LBEZLCMSHHTHBEER L L7z, ToOMoORE
(89~827, 529, S31~834) &, [4 ¥ V' 7 itk ¥
BRoEEFE KL, ZhEFhobgrk Ty /) —N

T2 LAEEL, EE1mLERY, Thit Xy —
VT2 RICAmRL THEABH E Lo (6.7 mghl L/
mL). FHAERE LCMS L, BAaaHEiTo7.

LC%: #3524, Inertsil ODS-3 (4.6 mm i.d. X250 mm,
5 um, GL Sciences): PDAMHIZR, 200~500 nm; #H#E
AE, 10ul; /T ARE, 30C (EEK35C); BEMH
K:7Er= M) N=7:3 (0~3min) — 2:8 (563~60 min):
HE, 1.0mL/min. BEJHHIIPDA % @:8%, MS~OiR
HA%0.15 mL/min & % 5 & 9 7l X ¥ 7z, Glycyrrhizic
acid & glycyrrhezinic acid ® #1213, BEMIZ FEE %
0.06% &ML, # 7 LRESST THIEL .

MS&fH: v — A, 120C ; BEHEE, 350C :
B 7 A &, 400 L/hr; I — ¥ A AE, 50 L/hr;
Fy¥35Y—BE, 3.0kV (ESI pos.), 2.5kV (ESI neg.):
2—Y&EIE, 30V (ESI pos.), 40V (ESI neg.); A% ¥
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~EiF, m/z 100~1,000: SIR (single ion recording) il
% (Table 2). "

42 LC/MSICKDEE

LCMSIZ L A2 EEXMEHRFE LT, [H vV 7l
Wl THERBLOCEAIEE (S1~88), BLIUHENS
ELTEEAYY Y18 G (S16) 5D F 7 — Vil
B XU [H >yt (83546 L 1U°S36) D&M 11
BrHw EENRILAWE LT, G glabra. G.in-
flataB X U'G. uralensis\V s TELEGELTEHR
s, pOoMBRAENPAFIARTH o278 (liquiritin
(1), liquiritigenin (4), isoliquiritigenin (5), licochal-
cone A (8), glabridin (9), glycyrrhizic acid (18) B L U
glycyrrhezinic acid (14)) % & & L7-. BREHOERIZ
i, TEEMNRHTE (1,4,5,89 ORABMW BLUV
glycyrrhizic acid (13) & glycyrrhezinic acid (14) ® &
B2 (18,14) OREBBEREZETNENFE (n=3)
LTRW. Thbb, 257/ —Lzefv, FERIZOE
0.01~1 pg/mLO#FHICHL T L5 BENREGREFEL
7o, RBHOEGOERICIE, LCMSHETHOY -2 H
Bz Av. A1 THRELL-SENBEE 2208 K
SHBREGDOBRAEES SR L G REROHICAS
9, BEAY -V THR (1~80F) Li-BE®EzH
7o, BRSO SIRMH G % Table 21278 L7z, BN E
n=30WEERETTFHLCEEME L7z,

4.3 LC/MSAERRZAWCERD DM

[A bty 4858 L URAF 185 (S,
S2, 86~88), ¥V yEEMEOR (S11~815), A~
VIRB XU Uy EERE (S9, S10, S16~S34)
DE3IEBIIOVT, LCMSHERR T A ER55
#r (principal component analysis) % 1T - 72. ERHT
MAOLCMSHEIZE, SHEBOX—AY—2DAF >
BEMFRBELLAL I, 41 THE LSRR

BEFRLAZEB®R (=1 2RV 410%&HTLC/
MS %47 (SIR#EIE, ESIneg) %47\, HEHEHALHH
HENLFI4EOFEELY -2 (Table2) O ¥ — 7 HEHE
(BENIEDTFHME) 2HAEEK L LT, FHOFH (prin-
cipal component analysis) % 17o7z. ZZ&BFY 7 b
121X JMP 7 (SAS Institute Japan Ltd.) #F\>7z. &BF
RTRRASMROEORB A AW E LzOT, A OBE
REAGTE DA F MLEOEOEEFRENT, ITE
FRHI DV TR AY -7 OWRBMEDI 100 L 25 L BB T
ENMER RBRE L CERS DI,

5. NMRIE

5.1 NMREIERHEBROBER

4.3DLC/MSHEIE TR & LzEH3188 # v, NMR
MERXBBROARL LT -2, T3, EHRRE (S1,
S6) LAtoREz0 &, KOFETEE 2B, 85%
I —VEHEORR (2B LUST) I NNRL—F—
TRIEFERLE. 6% 72 Ly 7y a— VBB ORE
(88) &, AMEBONVE Y ZHVTH-EIEETITV, N
VEVEBEINRL - —-CREEZELLE TFL YY)
- VEHORE (8288 X USS30) 1ZEEHRELZ. A
YUORBIUA YV HREE (S9~S27, S29, S31~
S34) &, 1g® L% /— ) (99.5%) 6 mLT, Hif16hr
WL, #0450 (10,000 rpm, 247) B0 EEE TG
LV— & —CREEE L 7.

EfRAE (81, S6) BLUMOZAKOEESIL, 16h
HRREERL-HEBRL SRB L ZERSEEN
20mg/mL &R B LI, HoHALORRL0.2mg/mL
1,4BTMSB-d,/ A % / —V-d, Bl AWM CHEMRL, R
HBERL L ChooBEBlBEE&06mLE TN ER
NMR AR ICEH A L@ gt L7,

5.2 NMRBIERH

5.1 THE L - BHONMRIEIZIL, EENMR

Table 2. LC/MS SIR conditions for compounds 1-14

LC/MS SIR (ESI neg.) conditions

Peak No.* Compound Molecular Retentign MW
formula time (min) Detection (m/z) Cone voltage (V)

1 Liquiritin (1) Cy1H20, 4.5 418 417.2 40
il Isoliquiritin apioside (2) CosH3O13 6.5 550 549.2 50
Juig Isoliquiritin (3) Cy1Hj,04 8.1 418 417.2 40
I\ Liquiritigenin (4) Cy5H1,0, 12.4 256 255.1 40
\ Isoliquiritigenin (5) C;H,,0, 20.8 256 255.1 40
VI Glycycoumarin (6) C21Ho006 27.6 368 367.1 50
Vi —** C2H2:06 31.5 382 381.2 50
VI Licochalcone A (8) CyHa0,4 32.4 338 337.2 50
X Glabridin (9) CyoHy00; 34.6 324 323.2 40
X Glabrol (10) CosHogO4 39.4 392 391.2 40
Xl . CasH05 41.6 424 423.3 40
Xt —k* Co:H,,05 52.0 438 437.2 50

Glycyrrhizic acid (13) C2He2016 26.0 822 821.5 60

Glycyrrhezinic acid (14) CsoHus04 46.8 470 469.4 80

*: Peaks shown in Fig. 2.
**. Unidentified.
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(QNMR) BIZHRBIALL 22U T oLt AV Ax2 b BEEBIUER
VHLE 5 ppm, MEANZ P VIEIZ20ppm & L7z, 3 1. [AVYVIREREY] BRUHY Y ORFEHABO
WVAMIZO0EIZEEL, Y AARER4R, FY¥ L5 LCH#
fRFE0.25 Hz, EERE60F, 237, MPF8IZL 5 LCMSIZE Y, [A v omEmby oBREBIY

BCFAh v T I, BRGHTSHBEEL:. ¥4
N7 M, NEMEREE & L CimL 7z 1,4-BTMSB-
diDT 7 FNESOppm & L7z, &k, BRESEIIREOLD
Ao 72811, S14, S1b, S28, S301k, MEE % 32
& L7

5.3 NMRAEHERZHWCERD D

[ vy 488 s X UEA 18 (S,
S2, S6~88), & ¥V UEMEWEADE (S11~815), # ¥
VURBIUA YV HERER (S, S10, S16~S34)

DEF31HEAHIDWT, NMRMIERRE A ER D54
(principal component analysis) % 1T o 7. £ & EH o
NMRl & #% & ©84.72~9.50 ppm ® & B i D \» T
0.04ppm TNy MED LEEERKE LTHEREL,
RNV 7 b Alice 2 for metabolome (B A% T (#)
) 12X ERGITEATo T2
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}X
X
b) | |
I
g —— _,,,W,V_AM}\J‘NJU \'\’J‘*Jfk'vvvw’-f“
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EWH vy HRAK (Table 1) 05 % 4T - 7. Fig.
2(A)a, bBXUAE [ Yyttt 2R,
Fig. 2(A)e, eB X UfiZid 7 v vy B AR ©, Fig
2B)g~ki2i3H v VI EBHEWEOBRI OO Y S — Vil
HP OB E R UV 200~500 nm 2B 52707 75
LAY, T, ThOoORBTHEIIRDLONZY -2
%R O FE W IEIZ peak I~XIT & L, Fig. 312UV
ANRZ MV EIRT. Peak I, IV, V, VIIIB L FIXIZ,

TR L OLC/MS HHTIC BT 5T, UVARS
PVBLUMSAXRZ P VED—FDS, FhEFh
liquiritin (1), liquiritigenin (4), isoliquiritigenin (5),
licochalcone A (8) 3 & Uglabridin (9) (Fig. 1) &FH%E
L7z F7, FRICL Tpeak II, III, VIBLUXiE, #
VTS OBBERER L OB S Fh Fisoliquiritin
apioside (2), isoliquiritin (3), glycycoumarin (6) # &
Uglabrol (10) (Fig. 1) L FE SN/, Peak VII, XIB

(B) X
!
I X
9) .
&
E
S, L —— ,_M,J! I‘Mﬁwi /LMAA_M«.M,
& ;
< Vi
> ) i
3 H I i i m
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Retention time (min)

Fig. 2. LC/UV chromatograms of Glycyrrhiza samples

(A): a), b) and d): Licorice oil extracts used as food additives, S1 (origin: G. glabra), S2 (origin: G. glabra) and S6 (ori-
gin: G. inflata), respectively; ¢): Ethanol extracts from herbal tea, $25 (origin: G. glabra); ¢): Ethanol extract from herbal
medicine Glycyrrhizae Radix, S16 (G. uralensis); f): Ethanol extract from cosmetic material, S28 (origin: G. uralensis)
(B): g), h), 1), j) and k): Ethanol extracts from the roots of Glycyrrhiza species, S11 (G. glabra), S12 (G. glabra var.
glandulifera Regel et Herder), S13 (G. uralensis), S14 (G. echinata) and S15 (G. pallidiflora), respectively
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Fig. 8. UV spectra of the twelve peaks I-XII detected in
the Glycyrrhiza samples

a),b),c),d),e), D, g, k) and ): Peaks I, I, ITI, IV,
V, VI, VII, XI and XII, respectively, shown in Fig.
2(e); h): Peak VIII shown in Fig. 2(d); i) and j):
Peaks IX and X, respectively, shown in Fig. 2(b)

LFUXIMIEBEMS ARZ FVEL Y, ZREN5GF 5382,
424 B X U438 DALEY LHER S h i

BfFEmme TH oy by 7888 X R
18 (S1~88) ©A, 86 (Fig. 2(A)d) LSt EE T
i, Wb EIZpeak IX (glabridin (9)) B & Upeak X
(glabrol (10)) 25D SR, 2 OHIEHILI W EL
H2b0onru<x b 77 AORBITEN LA (S1, Fig. 2
(A)aB X US2, Fig. 2(A)b). T/, T BIIS1OHEE
¥ DR (89) *G. glabraB X U°G. glabra var. glan-
dulifera Regel et Herder R (S118 X UFS12) » 6D
Iy - osra< 5L (Fig 2B)gB L
h) OFBEFALTH Y, RmMWHAKS1I~S65 L U881
EEHMYEOBHEY G glabraHE TH D LRI R
7. F7, EEHEYEORRI LD -7297HG. glabra

HREThdEHEEINT. —FH, G inflataHFKELEHD

HoH (A omEmby 8586 (Fig. 2(A)d) T,
peak VIII (licochalcone A (8)) H»BEEICFEOH LN, T 7
AR OEEHYG. inflata DB S5Oy ) — VY
(S10) DFEREE|PL . : :

[ ity ] ofkFEEYE L LT, BFERm
WEBIHRGHEY 2 P RoRE - Bk ABI12iE G
glabraB X U G. inflata LA G. uralensis iR ST
Wb, FD®D, G urdlensisiEW IR DOIR (S13) G
uralensis® ZFEHE L TH2HE 0L EFEH U (S16

~S821) BIUHEEL Y VIR (S22) DLy /-
B OB SEB R W7z O R, peak I~VIL XI
B X UXUEHE &, HiZpeak I (liquiritin (1)),
peak VI (glycycoumarin (6)) ¥ X Fpeak XIHSEFE T
»o7: (S13, Fig. 2(B)iB L U'S16, Fig. 2(A)e). LA
L, [yt osERE (S1~88) Tid,
N5 G uralensis HIRFER BB 7o b T AL
BOWIFhbBL o729, G uralensis ¥ EFEEL LTw
W EDHERETE T,

G. glabra, G. inflataB & °G. uralensis TZNENEH
ERBE LT, glabridin (9), licochalcone A (8), B &
Uglycycoumarin (6) BHE SN TH YW, LI
RiIonsofEL—8 L7z T/, G echinata Bk

OMBXVG. pallidifiora BWEDOWP LDE LY =)V

i (S14, Fig. 2(B)jB X U°S15, Fig. 2(B)k) TiZ,
G. glabra, G. inflataB X U'G. uralensis THMEK % ¥ —
ZREOLNT, HHTETH - 7.

E5IH VY EFREIC L 2 ERORSEEOE: &
BT A, MOWRSY >V HERS (S23~834) 12
DWT LR ZOHE, 825 (Fig. 2(A)c) DRIZG.
glabra DB OB % &~ 7 3R (823, S24B LT
S33) &, 828 (Fig. 2(A)) ® & 512 G. uralensis D5
M DR 2R3 R (326, 527, S29~S32) D6
hiz. Zhoodb, EEEFSERINTVWLIEBOE L
THG B DR A —F L7255, S26 DA IFRHBSIhTw
% G. glabraTid 7% £ G. uralensis DB 5K OB %R
L7z (F=% @R LTwhw), T/, EREIRIEEEH
(S34) Tid, MBI NZRHOBEFED TEL, HH
BTELHP o7z '

2, LC/MSICLDEE

KHH VT HERBOLCHWRERS O ¥ VY Bk
BHOBELLTERHEEZ N, 20, EMOAFET
BBTHo-THOKS (Table3) #:#EIRL, LCMSIZ L
D, TAromEmtY] ofGs X CHEAGSHG
(S1~88), BB E LT [A vy ol (S358 %
U'S36) BLUAHEA V'Y (S16) Oy J — Vil
THWT, BEEERTOERZITo /2. SIR (ESI pos,,
neg.) THEZITVWRHEENREF TH o 2SIR (ESI
neg.) THOEEBMBEEZHFFEE L7 (Table3). BEIZHW
M RBEROMEBRE (R®) 33 hd 0.995 L 1 & REF
L ESM L8 S5 N7z, Liquiritin (1), liquiritigenin (4),
isoliquiritigenin (5), licochalcone A (8), glabridin (9),
glycyrrhizic acid (18) 3 X Uglycyrrhezinic acid (14)
DHABTOEETRME (%) 1, ZhZh0.006, 0.056,
0.048, 0.018, 0.046, 0.077, B L U0.029% TH 7>, &
PEOEEDOHER (Table 3), G. inflata HK LELBDOH 5
MY (S6) TIE, licochalcone A (8) D EHEA19.7%
EEP oz SeUSNORMBE G TIE, wThbgla-
bridin (9) EEVEP > 225, O EHREIL0.79~
283% &, BMRBIZIDEEMPROLN. T, HEICH
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Table 8. Quantification of the major seven compounds detected in the samples using LC-MS (SIR, ESI neg.)
Sample Liquiritin Liquiritigenin Isoliquiritigenin Licochalcone A Glabridin Glycyrrhizic Glycyrrhezinic
P (1) @ (5) (8) (9 acid (13)  acid (14)

Licorice oil extract S1 0.06 0.21 0.08 0.02 10.1 0.19 0.22
(Food additive) S2 ND ND ND ND 0.79 ND 0.12
S3 0.01 0.08 0.15 0.08 28.3 0.02 0.08
S4 0.07 0.23 0.11 0.03 11.6 0.16 0.29
S5 ND ND ND 0.00 2.65 ND 0.55
S6 0.12 0.25 0.13 19.7 0.53 0.05 0.49
S7 ND 0.01 0.00 0.00 1.12 ND 0.01
S8 0.01 0.01 0.01 0.00 0.83 0.02 0.02
Licorice extract S35 0.25 0.09 0.06 0.03 0.01 42.6 0.24
(Food additive) 536 0.26 0.14 0.10 0.03 0.02 6.64 0.06
Glycyrrhizae Radix* S16 0.12 0.02 0.01 0.00 ND 0.02 0.00

(Herbal medicine)

Each value is a mean of three trials.
ND: Not detected.
*. Calculated from the results of the ethanol extract of S16

Wiz Ay LixReY, Th 2y mtEh
W] Tliglycyrrhizic acid (13) 120.2% ki LIT L A L
BRHENT, ELPICE LM ERL.

3. LCMSHAIERRZERV\ICERD DT

[y ] RSB UCRALEESL
7 HRHBAE 31 (S1, S2, S6~S34) HLC/MSHlE
WREA, ERGOTETo72. ERSHIITIE, BB
RENRIF 25 14T OBIEY — 2 (Table 2) D SIRHE
5 R (ESIneg.) 2 H W/ Fig 4128 1FE 8% (PCL)
LE2FHS (PC2) mAa77ay h&RL7%Z. PCLB
X UPC2O#H L5 HEIE, ZhEFNE19% B & UF10.0% T
Holz. EROGDIICLD, RE4ADDTIN—T, T4
b B G glabral ¥ (@), G. inflatath £ (H), G. ura-
lensisHk (&) BXUFNLSOZREREY HE CHAEH
A o7 (Fig. 4). G. glabraBE & G. inflata B3 O 5
MOZEZHEETIIRZVD OO, PC2EF R TEISEL S
%R L7 BEAFRmMyERIE, FICG glabraBk s
HESNZNEBIZAAL, REMEPEOLRBRO L7
S7HG. glabraHETH A LB RBEINA. /72, G
glabra HE L ELRDOH 5 T IRE T TH 5212 G. uralensis
DINV—=TIZFEEhB5D (526) dbRDLNI, EBEO
ZEFMEILG. uralensis TH AW EEMDE 2 N7z, LC/MS
7774V (Fig. 2(A) BXU (B)) & FRPHEIC X
NHEEMTHD, ThZEEY-2o0SIRHIEHEREZB
TERGSTICBCTHRESh, XEEOSEZEEYT
HILEBTET.

4. NMRAERBRZRAWCERD D

[ ooty oRBBIUCHEAEZEHEY
T HERAFEE31H (S1, S2, S6~S34) O NMR#Hl &4
RER, ERSTEITo72. Fig. 512 [H ¥/ oW
W] OB (S1BXUS6) (Fig. ba, d), BIUH ~
VY BREWAOM (S11~S15) 5D ¥ —Lihly
(Fig. 5b, ¢, e, f, g) PNMRA~NXZ M VERLAZ. ERD

S, BOE~ORELERL, WHAEoTSY /) —
J, NMRBBEREDORAY ) —LRKOE—2 LELLE
V2 4,72~9.50 ppm DHEFED 0.04 ppm T & DN MRS
fEZz v/ Fig. 6l 1EK S (PClL) & E2E/K S
(PC2) A7 Ty F%RRL7Z PC1BLUPC2OF
E# i3, ZhZFN36.0%B L 0529% Th o7z EWRS
S ORER (Fig. 6), K&L42D 7 V-7, Tibb
G. glabraB & (®), G. inflata® & (B), G. uralensis
Hk (a) BIXUOZhDAOEEREYERICH,ETEE R
bhi: Boh8RIE LOMSTa 774V (Fig. 2
(A) BXU (B)), BLULCMSHEEREDOERS D
(Fig. 4) & 258 L —HKL, BEETERHELT
NMREIEIZ L B3 » MESEEERE L THV 2 ERK
5% (Fig.6) 12XV, BHIEFEYEOHRELB LIV
EEVTETHo72. THETHEFR P iBwT, H v
V' BRYAEADBDE0% A ¥ ) — VKB 721310% 2
7= VKBEIC L AHBYONMRUESRE B V22
EEBN CEREEPRICL V) HEINE I LATREATY
5. RFRTIIFH A, SNPEREFEOH VT HEOHR
BREEFERICAY, Ay VYEHEBEOROLY -
ML L BICNMRUERLREH V2 ER G DI & 1T
W, RERFEFRNESOXFEEWEOHEICERT
HHIERR L FRABETEIER Y LELRD,
BEREHOERIZHT4.72~9.50 ppm DL O A D
BTN 2T 7205 A ¥V BHPHEOSEN TR TH
A MR ENi: PClBXUPC2OU—F4 5T
Oy bR (RIIRLTV2Y) 5, PC1TIE5.08~
5.12 ppm, 5.28~5.32 ppm B X 86.32~6.36 ppm D, PC2T
135.04~5.12ppm DHEVPRKE VI EHFREN, KR
TERLAZBINCBWTRBEOSMRICEETH S I LHTR
Eh7:. NMREIERRZHCERSSH Tid, LC/MS
TEHFEL LTV R VEIRGDEDOTCEHERFBIT LTS
ek, LOMSHIERRELAWLERSOMER (Fig. 4

— 176 —



October 2015 BEREas 5 > v e ) O B LR O £ 2 RARNTIC & B B FHEY OGS 225
. 3 g 3
= 36 & a
®15 [‘ 3

PC2 (%)

PC1 (%)
@® G glabra
o G. glabra var. glandulifera Regel et Herder
B G inflata
A G uralensis
48, G uralensis or G. glabra
€9 G echinata
¥V G palidifiora
+ Origin unknown

I Licorice oil extract products used as food additives
[ Extract of root of Glycyrrhiza plants
I Extract of herbal medicine Glycyrrhizae Radix products

Bl Extract of products/products used as tea,
supplements or cosmetics

Fig. 4. Principal component analysis of Glycyrrhiza sam-

ples based on LC/MS (SIR, ESI neg.) peak data

PC1: contribution rate: 51.9%, PC2: contribution
rate: 10.0%

The numbered labels indicate the corresponding
sample numbers.

Each marker expresses the classification by Glyc-
yrrhiza species of origin of samples or the species
mentioned in the incidental information.

Each color expresses the classification by type of

samples.
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Fig. 5.

PC2 (%)

PC1 (%)

PC1: contribution rate: 36.0%, PC2: contribution rate: 20.9%

The numbered labels indicate the corresponding sample numbers.

PPm

"H-NMR spectra of licorice oil extracts used as
food additives and ethanol extracts from roots of
various Glycyrrhiza species

a) and d): Licorice oil extracts used as food addi-
tives, S1 (origin: G. glabra) and S6 (origin: G. in-
flata), respectively; b), c), e), f) and g): Ethanol
extracts from roots of Glycyrrhiza species, S11 (G.
glabra), S12 (G. glabra var. glandulifera Regel et
Herder), S13 (G. uralensis), S14 (G. echinata)
and S15 (G. pallidiflora), respectively.

G. glabra

G. glabra var. glandulifera Regel et Herder
G. inflata

G. uralensis

G. uralensis or G. glabra

G. echinata

G. pallidifiora

Origin unknown

Licorice oil extract products used as food additives
Extract of root of Glycyrrhiza plants
Extract of herbal medicine Glycyrrhizae Radix products

Extract of products/products used as tea,
supplements or cosmetics

THEN +<e3>moe

Fig. 6. Principal component analysis of Glycyrrhiza samples based on 'H-NMR data

Each marker expresses the classification by Glycyrrhiza species origin of samples or the species mentioned in the inci-

dental information.

Each color expresses the classification by type of samples.
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LB L, G glabraB%E, G. inflatali3k, G. uralensis
HROR G5 L D BHREICRIBTE /2

] Ei

[J 7Ly ORBRESBEETHY, G
uralensis, G. inflata 7213 G. glabralEIZEH I N5
BOTHIZO%X, LCMSIZL A ERERZToEZ A, G
uralensis HEOLBNRTH 2 [H vyl 24&
Bh oLy -V L ZRB R AR ER L.
AAFEIZBVTC, H VY BEBEOROLY / — Vi
WL BT H 7 HRAB O LCMS 4TI & 5 HEH» 5,
EFEMWEICL ) ZNZTFB LR OHEERE RS 2 LA
WRINA T/, LOMSHZERECNMRUMERREE
T ERSFICBOCHEFEEYEICL ) S HrEL
BT EMRENS RFERTHN LA TH 2V 7 kb
YWl OBGSKkRIE, FORSHEELSEEBITICL S5
EHh o, 1BEIIG. inflatalik, ZHhLASMHIG. glabra
KTHEHIEMWRESHh, BED [F oty o
ENHEERZOE CIXG. glabraHETH 5 = L HHEFE
N7z, G. uralensisEHED [H /7 lEmMBY ] Of#
EREOERIZOVWTEHSHOERENA TR TE LW
A, S OICEBHERET B, AR THRLL &R
P FEVPEREELORS. [H vy ymEEy] o
AHBBERICBV TR, BEROEREOHEZ TR
L7299 2 CREITALENHD. B, &1 077 EBHY
D BGPlants ¥ — % N— 2 I BT A EENEL O REHE
BLA-&Z s (20155 ABTE), G. glabra DB %Z
HEFERMYEENREE ) A P ICERSh T3 3
THYITTERELRY, AUV ThoTz G oinflatall
DWTRERAE R o7 Zon, T4 v vmEmb
] OARMBAEERIECE, EFEEYEOMERLILDY
THOHEEPLELEZ ORI

S5, ABHET, E3IREOLCMSHEMRR &
NMREZHERE B ERGONEITV, TS OB
LD, H v BRYEROEFEOGEORTRL, BF
wns T4 o] Soh vy BkinE R
DIHEFHDEOH RIS HATH D Z ENFIIRS R
72, B, NMRUZEE R BV -2EE8MITIE, BEC
TITLHTE, BERGERETS I LR ERGTHIT
Z2EBLTOEFEHOSEIEThH 722 b2, £
FORIET 2 BARMPOREEYEOWEIFR 2 HE
ThbLREIN:.

B2 Fz

AR, EEYHREMRERDEEROREHEE
ERFEEEICIVERLA-LDOTHS. & ¥ kR
B L UEERPEOREIZ TR AR BARERRM

*> BGPlants: http://bean.bio.chiba-u jp/bgplants/ylist_main.
htm!
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Abstract

The applicability of a taste sensing system was assessed by evaluating the taste qualities of 9 natural bittering food additives, 22
bittering reagents and 3 astringent reagents. The intensities of 10 taste factors for each sample were calculated from data collected
from 6 artificial lipid membranes attached to the taste sensing system. The intensity of the taste factor with the highest absolute
value for each sample was assigned a value of 100, and the intensities of the other taste factors for the same sample were provided
as relative percentage values. The relative percentage values were plotted on radar charts for each sample, and the taste qualities
of the samples were compared based on the radar chart patterns. The taste quality of samples was roughly classified into five types
based on their taste quality patterns. Taste quality type appears to be characterized by the chemical structure of the bittering
substance, since samples containing similar bittering constituents showed similar taste quality patterns. In addition, principal
component analysis (a multivariate analysis) using the relative percentage values of 10 taste factors for each sample clearly
classified the five types of taste qualities of bittering substances.

This study demonstrated the applicability of the taste sensing system to evaluate the taste qualities of natural bittering food
additives and bittering reagents. The results suggest that the chemical structure types of unidentified bittering constituents in
bittering substances can be estimated using the taste sensing system to evaluate taste qualities. These results should also be useful
to evaluate the taste qualities of other commercially available bittering products as well as food additives.

Keywords : BNty . HEE, BREZGREE

food additive, bittering substance, taste sensing system
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B DIREW TH B, ZDI%, GHBS DB EEE
BRELS OIEHE R ILBAHEETH L 2L h b, HHREE LTH
WHNBEEIERIIE, B—E g TR SNS [
YUV RERE, BOPEOEGEMP OB SFEIRIN
BRI AESE 2 RSN TB LT, —HofEIcE
FHEDLETEHE D RREINTHDDALEE>T A,
RIRHF DT OB B 2 FERT 570103, &
LB HERETAIENEETH D, R HEEE
W A7z, FEREE LTOFREDEBRN M, &
SIZIEERK G OREILETHLEEZ 6N D, LA L.
HEIROERIIL FOERERBICINIThbILs0, BAEIC
IOERBERUBREIIRITILZEZTTR BMILS
SMOE D REE 2D, ZOMEIRKEEDOFHRE
DB S RIEER DB ORE R EREL 5T &Iz, 2D
72, EBROFERF B EANC N BE L W SR R
ADVEFNT W, T, WREREETHVW TR E %
RN L2 E ST WA 4D, L L, BRELERIEEIC
LA OB RIBINYERE ORE % AT Lo RIIHRE

Table 1.

STV,

FIFFETIE, EROFHIFILL LT EEMRALTET
FRASNTWAREHRERL A, BERMYOEHRE R
UHEERE Y OREDFEN O REIEICDOWTHRE L
720 BREERACEWOWRE 2T <5720, RABHERICL
LHHETHONS 10 BOREREBELH., S5O
By =% —F—7 57 OR L, HEIZHRELTSHEL
T2o Fro. BONABERCCERS T (LEEHEI) %
T, BREDHE - ST 28R L7

I MELE

1. BR - BE

AR ER 9 B & 1 B (PR 23 EOBEHER
T 2% o OWEBRLENIAF Lz A<y & iR O
LR E &) X ARERENMHEEEL
TAFLZUTOb D %A/ (Table 1) o

Test samples

No. Samples Structural classes Tested concentrations
1 Jamaica quassia extract 0.001 - 1.6%
2 Mannentake extract 0.003 - 0.1%
3 Himematsutake extract 0.003 - 0.1%
4 Iso-on-bitter acid 0.0003 - 0.3%
Bittering food additives 5 Caffeine (extract) 0.01 - 10 mM
6 Absinth extract 0.003 - 0.1%
7 Isodonis extract 0.003 - 0.1%
8 Naringin (a) 0.006 - 0.06%
9 Naringin (b) 0.006 - 0.06%
10 Quinidine Quinoline alkaloid 0.01-0.3 mM
11 Quinidine hydrochloride monohydrate Quinoline alkaloid 0.01 - 0.3 mM
12 Quinidine sulfate dihydrate Quinoline alkaloid 0.01 -0.3mM
13 Quinine Quinoline alkaloid 0.01 - 0.3 mM
14 Quinine hydrochloride dihydate Quinoline alkaloid 0.003 - ImM
15 Cinchonine Quinoline alkaloid 0.01 - 0.3 mM
16 Cinchonine sulfate dihydrate Quinoline alkaloid 0.01 - 0.3 mM
17 Berberine chloride dihydrate Isoquinoline alkaloid 0.01-03mM
18 Iso-a-acid Phloroglucin derivative 0.003 - 3%
19 Caffeine Purine alkaloid 0.01 - 10 mM
o 20 Theobromine Purine alkaloid 0.01 - 10 mM
Bittering reagents - -
21 Enmein Diterpene 0.01 -3 mM
22 Quassin Triterpene 0.01-3mM
23 Gentiopicroside Monoterpene glycoside 0.01 -3 mM
24 Swertiamarin Monoterpene glycoside 0.01 -3 mM
25 Nomilin Triterpene 0.01 -3 mM
26 Limonin Triterpene 0.01 -3 mM
27 Naringin hydrate Flavanone glycoside 0.01 -3 mM
28 Sodium benzoate Benzene derivative 0.01 - 10 mM
29 Andrographolide Diterpene 0.01 -3 mM
30 5'-Deoxy-5"-methylthioadenosine Purine glycoside 0.01 - 10 mM
31 N-Phenylthiourea Benzene derivative 0.01 - 10 mM
32 Ellagic acid dihydrate Tannin 0.01 - 10 mM
Astringent reagents 33 Gallic acid Tannin 0.01 - 10 mM
34 Tannic acid Tannin 0.001 - 1.6%
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Py Ahhy T IHBEY Jamaica quassia extract (1)
LA Hi ¥ Mannentake extract (2)s & X <2 ¥ 7
Hi ¥ Himematsutake extract 3), 1V 7 IV 7 7 — HREE
Iso-a-bitter acid @), #7=A > (FiH¥) Caffeine(extract)
G). =HIEFHHY Absinth extract (6), ¥4 T
¥ Isodonis extract (7). 7V~ Naringin (& a ) &
Ui b 9)o

Frz, HERYE 22 T ((10) ~ (31) RUBO S & LTk
LEMIE 3 FE ((32) ~ (34)) FAFLCTHW: (Table 1) ZR.
FEEF NI YL 28) RUERETEE 33) 1&. BREILFEHRAS
HER X0, 27V 2 BPN- 722V FFRE (31)
3 FATATAZ RS ) LVEALZ OEHW
72o AV o MR (18) IE, Kalsec ¥t (7XVA) LVEEALZD
DERAVZ, TUALY QDI PMERERREH (KR
DEFEF 2, TYFUrZI71) K Q9 E vy

(Andrographis paviculata) 75 DHEBEY % B ILERKFES
BHIREMIESEAE LY 55 L Twiz2nwicb oz vz,
FOMOERYE RO L, FbHE TR

(KRB LEALLZDOZRAW:, LFEDAORE - FiE
EF AT BRIV 72,

2. ¥E

BRAIE L. BREDGRISE SA402B (BRRX&HA 7V
My —Frud— BER) sHWTTol, SRER

(taste factor) ZHETA-ODEEREEL Y id, ACO.
C00. AEl. ANO., AAE JU° CTO @ 6 fEFED L% v
7249 (Table 2) o & > FIZERBIRICIIEM L 7252 85 —
VERT [RGB #F LWz, ZOIRE/ 37—
VIBHROHEENTRETH 5o

3. ARORER

PEEE L L AREHIE T, TR LEEMLHIE
T57:0. BENCEHFEREORIPLELIN TV,
FZC, HERSFHIAL A EERIIE 10 mM LAY Y
LRz, Frz. BEAERINPEGOR R E RO
WEIL, 10 mMIELA) DA HML. N Table 112
RYBREHETA~ 7T EAOBRBEICRAE L, 72720, &k
WE 21 ~ 26 KUT29 13, 10 mM EAL A 7 ANDOEREDTH
BETH o722, ITY—)L 30vo0l% % &L 10 mM b h )

Y LA % VYT Table 1 WRTIREHET 6 HOBEICH
B, FHEELLTIY )V 30vol% % &t 10 mM LA
U ﬁAigiﬁ%ﬂﬂ\/‘fCo

4. BIEAHE

BEHR > LRBRIC, R EED 6 oL (ACO,
C00. AEL, ANO, AAE KU CT0) % FAWTEBENERD
Bl 2TV, 3 EHEYELEIEOFHEL) 2= =D
EANCEDS VTR ML BBRREDEVEHEEL .
BONLELEREZOWRBEMBEE L. ABFZE TEFM
L7-BREZE L, BRUE (Sourness) (T BEMEEBR (Acidic
bitterness) (T2). #5R (Astringency) (T3). & ZE 4R
BE 1 (Aftertaste from basic bitterness 1) (T4). iEZEMEEER
% Bk 2 (Aftertaste from basic bitterness 2) (T5). Bk M &
LRIEBE (Aftertaste from acidic bitterness) (T6) 1 BR# R

(Aftertaste from astringency) (T7). E% (Umami) (T8).
R (Saltiness) (T9) XN E#K T2 (Richness) (T10) @ 10
HEHEHEL7: (Table 2)0 KB OEZEREROKEEEIL
RRBEEBEOLEDV RS BIFTH o7 HEBRIRE TO, H‘ﬁ
xHE (relative value) ] (F:#E & BENA R OB EED %)
&L VhBLBRICHEYLTAEEZ 51 S [CPA (Change of
membrane Potential caused by Adsorption) 1B ] (GUEHEIZED
e B ToORXEROFEMENEIL) ZHNTEHLAE >,
EHIZ, EREHIOZ 6 MO IR 6N S [HHATE]
RO [CPAME] %, IRBEDZHYE (reference materials
for taste intensity) (Table 2) DISEICEDEL LB TS
LT, BREEZEIIOWTOKRBEESEH L2,

51T, BEAHEOWRED 5 —» DHEEITVS TS
7o, ZEEHIOE, HRER 10 HEOWMHENEI HDE
HofB% 100 L L, MOKREREEOEZHNINIIERL
T % HABME (percentage value) &L, L—¥—27F7|TRL
JAS

5. ERAAH
FERO4DEIH o THEMLAKEE ORESR 10 HE
D % WREME, GFF 10 BOFHREHBELEHLLTC EBS
487 (Principal Component (PC) Analysis) 1TV, &0k
DWRED/SG =2 Z B 720 ZREMANTY 7 MIIE IMP 7
(SAS Institute Japan #EA &) AW,

Table 2. Taste sensors and taste factors

Taste factors*

Taste . 5 Reference materials for
sensors relati:/(;nxlfalue CP:)vnallue taste intensity

ACO Sourness (T1) Aftertaste from basic bitterness 1 (T4) 2.7 mM tartaric acid

Co00 Acidic bitterness (T2) Aftertaste from acidic bitterness (T6) 0. 01 vol% iso-alpha acid

AEl Astringency (T3) Aftertaste from astringency (17) 0.05% tannic acid

ANO - Aftertaste from basic bitterness 2 (T5) 0.1 mM quinine hydrochloride

AAE Umami (T8) Richness (T10) 10 mM monosodium glutamate

CTO Saltiness (T9) — 270 mM potassium chloride

* : Intensity of taste factors are calculated® from the output data by the taste sensors using the taste sensing system.

CPA: Change of membrane Potential caused by Adsorption
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I FEREVEE TN 18.25 LEMEARL ., BAREIC R R E L LT
T&E7zo TWRUROPZDORAER 21 ~ 26) &, LY
1. BRI ERER OEFRDEDRED /N — > BREIENS DV E o0z, Tl2. NIFNRYTHDEY
BRELERZEE I L 0 HIE LB RN T skoel, R TIv (22) DI ERBEIIE, o7 IhEERS
BRUERDEIZBITSEWRER (T1 ~T10) DIREEL D—DELTERTAERBNMBY v~=A A7y 37 by
Table 3 IR 90 EHBOEKEE (T ~ T10) OB EE (1) CIHIEEMETERELR 1 (T4) RUE B RER 2 (TS)
DEHIZIE, Table 1R THHABRIREHFON, HREH T 324 U164 L HIBEHENE L, BRIEMREEIC
EEBOIGENRD BIFTH - RERIEE TOWEME % HV DB SRS A EDSTET
“o BREREEEAT L UL EOBA, HIEL IR ERELN SOIZBEFERIM SRR, ERE RUER R, &
7o LHTCTE S, EHHRWENEORER, /) VRO VX NEDWEDINF =2 H 6 Fig. 1IORTLI REIZILLEVO
VY TNATA R (10 ~ 17) 1 ZIREEIEE R 2 (TS) T 5 2L 5DODFL FIHHEINLIEDHES LR ol HEEE
FOERRL, BAREICEEGERDEE LT TE . A LTHERSNTWARIIIIE, EBRIQEERE V) LD,
Voo BE (18) 1 XERMETERR (T2) MUTBRIETERRIAER (T6) T 8.58 BRI PR Z BB U 2D DbH D FDDSEOENTT

Table 3. Intensity of taste factors of samples measured by the taste-sensing system

Taste factors
T1 T2 T3 T4 T5 T6 T7 T8 T9 T10

No. Samples Aftertaste Aftertaste Aftertaste Aftertaste ’faSte
Acidic . . . o . . . ype
Sourness bitterness Astringency f.rom basic f'rom basic fr(.am acidic f“rom Umami Saltiness Richness
bitterness 1 bitterness 2 bitterness astringency .
1 Jamaica quassia extract (0.03%) 0.93 0.26 0.08 **324 1.64 0.31 0.06 0.52 0.15 0.06 1
2 Mannentake extract (0.03%) 3.14 0.62 0.44 0.37 5.49 117 0.01 -2.31 0.12 0.18 I
3 Himematsutake extract (0.1%) 8.54 -0.18 0.01 8.92 571 -0.20 -0.12 2.70 0.40 0.18 I
4 TIso-o-bitter acid (0.03%) -1.68 8.26 15.39 -0.53 0.62 13.39 3.30 7.96 277 0.42 I
5 Caffeine (extract) (10 mM) 023 -015 -0.05 -0.26 -0.35 -0.02 -0.02  -030 0.12 000 I
6 Absinth extract (0.1%) 0.28 0.32 0.05 0.31 -0.27 0.55 0.01 -0.01 0.08 0.03 v
7 Isodonis extract (0.1%) 176 0.73 0.14 0.19 1.32 1.29 0.06 -0.98 0.09 0.11 v
8 Naringin (a) (0.06%) 0.30 0.12 -0.11 -0.04 -0.46 0.66 -0.03 145 0.41 068 V
9 Naringin (b)* (0.06%) 0.18 -0.16 -0.12 -0.11 -0.49 0.47 -0.12 123 0.40 0.54 A%
10 Quinidine (0.1 mM) 11.90 0.76 0.28 6.37 11.47 0.05 0.00 2.84 0.09 0.20 I
11 gy drochloridemonolydiate 300 200 -0.02 592 531 0.53 000 -094 003 021 I
12 Quinidine sulfate dihydrate (0.1 mM) 17.61 -2.63 -0.03 443 19.24 1.04 -0.01 -1.82 0.00 0.46 I
13 Quinine (0.1 mM) 171 0.38 0.20 7.27 11.16 -0.18 0.02 3.58 0.24 0.18 I
14 S}‘&‘)‘ine hydrochloride dihydate (0.1 503 -030 0.01 072 636 0.34 000 069 000 011 I
15 Cinchonine (0.1 mM) 11.40 0.47 0.11 3.31 5.60 0.15 -0.02 2.39 0.27 0.16 1
16 Cinchonine sulfate dihydrate (0.1 mM) 1547 -2.65 -0.04 2.55 12.34 1.01 -0.01 -0.82 0.07 0.44 1
17 Berberine chloride dihydrate (0.1 mM) 1596 -4.80 -0.04 3.88 16.05 2.46 -0.01 -0.40 0.02 -0.01 1
18 Iso-a-acid (0.1%) -5.05 8.58 13.69 -0.49 1.38 18.25 3.81 15.88 16.18 1.05 I
19 Caffeine (10 mM) -0.31 -0.17 -0.06 -0.24 -0.34 0.06 -0.02 -0.27 0.14 0.01 i
20 Theobromine (3 mM) -0.22 0.17 0.08 -0.35 -0.25 0.11 0.01 0.28 0.03 0.00 1II
21 Enmein (0.1 mM) 0.14 -0.10 0.02 -0.01 -0.05 0.01 0.00 -0.16 0.01 0.03 v
22 Quassin (1 mM) 0.44 0.28 -0.01 -0.01 -0.19 0.17 -0.01 -0.25 0.05 001 IV
23 Gentiopicroside (3 mM) 2.61 0.47 -0.01 -0.01 0.02 0.30 0.01 -4.05 -0.06 003 I
24 Swertiamarin (0.1 mM) 0.04 -0.05 0.01 0.00 -0.05 0.05 -0.01 -0.01 -0.01 001 W
25 Nomilin (0.1 mM) 0.13 -0.12 0.00 -0.15 -0.20 0.01 -0.01 -0.28 0.03 003
26 Limonin (0.1 mM) 0.05 -0.10 0.01 -0.06 -0.11 -0.01 0.00 -0.12 -0.02 0.01 v
27 Naringin hydrate (1 mM) 0.15 -0.35 -0.04 0.12 0.01 -0.62 -0.01 2.00 0.44 08 V
28 Sodium benzoate (3 mM) -0.66 -0.36 1.17 0.36 2.06 -1.40 0.16 20.60 9.23 -0.60 V
29 Andrographolide* (3 mM) -0.21 0.01 0.04 -0.17 -0.14 -0.16 0.01 0.24 0.16 0.07 \4
30 o Smetyltondenosine (10 o1 012 -0 128 306 024 -0.03 880 206 193 V
31 N-Phenylthiourea (10 mM) 1.03 1.44 3.19 2.14 0.32 0.81 1.45 -1.05 6.22 -1.76
32 Ellagic acid dihydrate* (0.1 mM) -0.04 -0.19 -0.01 -0.15 0.19 0.07 -0.02 -0.16 -0.02 0.03 I
33 Qallic acid (0.1 mM) 2.21 -0.78 0.15 -0.33 -0.25 -0.20 0.03 -2.54 -0.07 0.16 v
34 Tannic acid (0.1%) 0.88 0.69 11.61 -1.19 -1.26 0.67 12.60 1.70 2.51 1.87

* : The sample was measured as a suspension.
*#. The underlined value is the highest absolute value for each sample.
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Classification of bittering food additives, bittering reagents and astringent reagents based on their taste patterns

converted to percentage values.
Taste factors are sourness (T1), acidic bitterness (T2), astringency (T3), aftertaste from basic bitterness 1 (T4), aftertaste from basic

The names of the underlined samples are those of food additive samples.
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Percentage values of taste factors (T1 — T10) for each sample are shown on radar charts. The percentage values of taste factors were
calculated from intensity values of taste factors shown in Table 3. Among the intensity values of various taste factors for each sample the
value with the highest absolute was converted to 100 (%). Then, the values of the other taste factors for the same sample were relatively

bitterness 2 (T5), aftertaste from acidic bitterness (T6), aftertaste from astringency (T7), umami (T8), saltiness (T9) and richness (T10).
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iE. T1~TI0 OBREZREED, TNENROELLANT b
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WTIEITL72. ZOfER, EHRALEMOLFEEDOELEIC
I, REDONY— ISR EDALRE R 572,

A4 7T (Fig. 1- 1) 1d, BRER (T1) RUSEAMEEIREER 2
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Fig.2. Principal component (PC) analysis of percentage
values of taste factors for bittering food additives,
bittering reagents and astringent reagents
The numbered labels indicate the corresponding sample
numbers.

PCI: contribution rate: 28%, PC2: contribution rate: 24%,
PC3: contribution rate: 14%.

— 186 —



HARMILFEES

& (B&fEER) . Vol 22(1), 2015 31

NV F&d

REKH RO BRI E B O R O FEE 2 5T 75
7o, EMEEEAFRINDEREL EWRDE RO SR E « A
Vi IS OBRBERRIT A OREEREB OBEHAMEII O WA
Too ZHREHIOE, RERERD 6 BOIEEE LY ~D
ISEEEECT 10 BOKRERHEZ NN OKREEED
HHEN 512, SEHHEORED/ Y -0 % L 5
{T570, FEEHIOE, BREE 10 HEONW, M EDS
BOED o EE 100 £ L, MBOBREZEIEEOMEZ I
THLT % IREEPER L. B TEIC % mEE?L —
F—TS5 R LUTHELIEZ A, FIZ 5 DOWRE/ Y —>
WS, BRWEOLFREE ORI L0 Ry ik
oSG —VRRTIEDTRIBENT . S L OTMPERE D
BRE Y — 3, BHERBS OB 8y — 2 EFEL 72,
BT, BEED % BEELZHNT TR (SEE
AT %4TH & T HHRMWEOWRESY A 704548 % i H
DOEGIFHETE DT EATRENT 2,

AREFFEIC LY, BRI E B RO E R EOWRE %
MBI BRI RBIC L AHEOEREI RSN, &F
ERE D VSRR ERZERTHoTD, WRIZREELH
WTBRE DY - REEET AT BRSO EE S A
TR TEDZEDTRIEENIZ, T, R TEON
BRI R R R R O E R E O E/ 8 — > OFFHi
MR, AMRIEROAR ST, HBICTEL TV A1
DEEERYWEDOREEERITH) ECOEREEZO NS,

VvV EiE

KRR, EEFERFMREMBEMEERILVE
JEL72bDTdH B, RELERIEE Z VeI L THE0R
WP EE LR AR RAEICRB I LE T, IBE
R TRAN VRS R B R LB B BN
Sk (B BRRIRFEEEER EHVLIT BF
WP ERE DI TR 727 AR s i i
KIEH N LET

VI SEXE

1) EAAERSE 120 5 (1996) “BEFAMPELE T8
F£4016H.

2) BEAZEE E S MESRMYAEE" 2007.

3) BHARERANYHS "% 4 REEFRMY 8 ZHE
2008.

4) Kobayashi, Y., Habara, M., Ikezaki, H., Chen, R., Naito,
Y., Toko, K.: Advanced taste sensors based on artificial
lipids with global selectivity to basic taste qualities and
high correlation to sensory scores. Sensors, 10, 3411-
3443 (2010).

5)

6)

7

8)

9)

— 187 —

Anjiki, N., Kawahara, N., Goda, Y.: Evaluation of the
taste of a Kampo formula by a taste-sensing system (1).
Natural Medicines, 59, 164-170 (2005).

Anjiki, N., Yoshino, C., Kawahara, N., Goda, Y.:
Evaluation of the taste of a Kampo formula by a taste-
sensing system (3): the Taste of Ryokeijutsukanto.
Shoyakugaku Zasshi (Japan. J. Pharmacog.), 61, 6-13
(2007).

Anjiki, N., Kawahara, N., Goda, Y.: Studies on the taste
profile analysis of Setsucha by a taste-sensing system.
Nippon Shokuhin Kagaku Gakkaishi (Jpn. J. Food
Chem.), 14, 121-127 (2007). '

Anjiki, N., Hosoe, J., Fuchino, H., Kiuchi, F., Sekita,
S., Ikezaki, H., Mikage, M., Kawahara, N., Goda, Y.:
Evaluation of the taste of crude drug and Kampo formula
by a taste-sensing system (4): taste of Processed Aconite
Root. J. Nat. Med., 65, 293-300 (2011).

Anjiki, N., Hosoe, J., Fuchino, H., Ikezaki, H., Mikage,
M., Kawahara, N., Goda, Y.: Quality evaluation of
essential oils by a taste-sensing system. Nippon Shokuhin
Kagaku Gakkaishi (Jpn. J. Food Chem. Safety), 19, 32-
37 (2012).



