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Table 1
Recoveries of bromate from fresh foods including cabbage, poultry and horse
mackerel.

Added (ng/g) Found (ng/g) Recovery (%)
Cabbage 0.0 N.D. -
2.0 1.81+£0.02 90.7+1.2
10.0 8.77+£0.29 87.7+£29
Poultry 0.0 Trace? -
2.0 1.66 +£0.07 829434
10.0 7.53:+0.50 753450
Horse mackerel 0.0 N.D. ~
2.0 1.77£0.15 884+76
10.0 7.89+0.08 78.9+0.8

Each value represents the mean + SD of three individual analyses.
2 Bromate peak was detected, but the content was less than the lowest quantifi-
cation limit (0.6 ng/g as bromic acid).

0.0005 AU
BrO;-

L i 1 i i

0 3 6 9 12
Retention time, min

Fig. 4. Chromatogram of drinking water collected at Gunma prefecture in Japan.
Fifty millilitres of drinking water were passed through 120 pL of Muromac AG
1X8 ion exchange resin, and the bound bromate on the resin was then eluted by
0.3 M NacCl. Two hundred microlitres of the bromate fraction (volume, 1.0 mL) were
subjected to HPLC. The chromatographic conditions are described in Section 2.

with a hypochlorite solution. Sodium hypochlorite solutions have
been historically employed as disinfectants for drinking water. In

fact, a trace amount of bromate was detected in drinking water, as
shown in Fig. 4. Therefore, if bromate penetrates into fresh foods
when they are washed with drinking water, the residual bromate
can be detected.

4. Conclusion

We established a sensitive, selective and safe HPLC method for
the quantification of bromate in fresh foods. The lowest quantita-
tive limit was 0.6 ng/mL(S/N = 5), and the linearity of the correlation
between the peak response and bromate concentration was con-
firmed, even for the lowest quantitative limit (R?=1.000). The
sample solutions were prepared from fresh foods through mini-
mal steps as follows: (1) homogenization, (2) centrifugation, (3)
ultrafiltration and (4) solid-phase extraction. In the present study,
recovery tests for cabbage, poultry and horse mackerel were per-
formed on different days, and the recovery of bromate from these
fresh foods at 2ng/g wet weight ranged from 82.9% to 90.7%;
there was no statistical significance. It should be noted that bro-
mate appears to be relatively stable in fresh foods. Through these
pretreatment steps, the bromate in 1g of fresh food was trans-
ferred into 1mL of a 0.3-M Nacl solution. Therefore, the lowest
quantitative limit of bromate in fresh foods was 0.6 ng/g of wet
weight.
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LC-MS Analysis of Commercial Sodium Stearoyl Lactylate Components
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The components of commercial sodium stearoyl lactylate (SSL), purchased in Japan, were de-
termined and identified using thin layer chromatography (TLC) and liquid chromatography with
mass spectroscopy (LC-MS). Stearoyl lactate (SL) and stearoyl-2-lactylate (SLL) were purified using
TLC and silica gel chromatography to obtain standards. The results show that SSL consisted of lac-
tic acid (8.4%), stearic acid (15%), SL (57%), and SLL (13%). The total amounts of free lactic acid,
lactic acid derived from SL and lactic acid derived from SLL were determined using LC-MS. The
mean value was approximately equal to that determined using the JECFA method. This is the first
study to determine and identify the components of SSL purchased in Japan, using TLC and LC-MS.

(Received July 1, 2011)
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Fig. 1. The structure of sodium stearoyl lactylate (SSL)

The mean value of “n" is normally 2.
Sodium stearoyl-2-lactylate (n=2) is a major com-
ponent of the SSL.

ZOBEGHERSEZDORIZFRL T2 Regulald
EREI7u~ 7574 — (TLC) DT H 5 SSLAREY
ThHHI ERHEYL, X512 Sudraud S AESSL O B4+
A, XV IFUE PL O IUAFUE IVYAMINLE
B, AF7)UvE AFTu4VEEE (LTSL), SLLT
HHZEEBREYLTVWA LA LEAS, WEHESSLO
AR E B S5 Lo v.

SSLiZ, AN TABIIRAF INL Z & 258591
o TWAE, AMICH L TIEERRAEFRERRH
NTWBHIERS, SSLALEUBLAMOWIZH L TIE
M T B LB RERTF— Y ICBVWTLEETHL L
Zz2 oMb,

HUORMYEEME AFTvo4 VAEBRF MY YA EEYEEE
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BEREMWAF 7 a4 VEEF b)Y A0 LC-MSIZ X 2 K5 15

F TR T, bAE T LTV b SSL DR
FOBREL, FROKS % LC-MS % VT P,
B Lz T4 5

EEBRAE

1. = £

SSLiZ & MM &M U CAF L 2R k)
BWaoo2ay b (Lot. No. SLN71014, SLN71015) # FHw 7z,
ARIIHEREL LAERIROM K TH 72, SLBY 7
L (FEEE99% LI L) X ACROSHE, 277 v (ME
98% LA E) 3E A L TRBRE H w2 ) v
B7L— M OHTHICIE Merck #H 8 TLC (Silica gel 60
Fys 20cmX20cm, JEIE0.25 mm), ZEUHICIERER
PTLC (Silica gel 60 Fysy, 20cm X 20 cm, EE2mm) %
B, YusFvrav 75740 T A FHEANS
& Merck #1 % Silica gel 60 (#i{¥0.040~0.063 mm) % i
Wi, FARAB—HTNA LTI 740y —iZHAIY
F 7 4 B (Millex"-LG, 0.2 pm), LC-MS® % B 4 12 1%
HPLCHIZ il L7z, ZOMiRES L OBEBIEHRMO
RS A L7z

2. %% [

BREWMAs O 75 7 EEBSWEHLC-MS): Waters
AQUITY UPLC Quattro Premier: 7% — % — XfL#

LC-MS 44+

(1) LC# F A: Inertsil C8 (bpum, 2.1 mm X150 mm)
(V= ALz 2G0)#H), BEHH: 0.1% FEBER-
TE M MYA(10:90), P T AEE: 40T, FHE: 0.2
mL/min, A& 5uL

(2) MS

4% 4L ESI (negative), ¥ ¥ ¥ 5 1) —&E/E: 3.00
kV, 2—&BE: 30V, =¥ R MF 7 ¥ —EE: 3.00V,
V—AMRE: 120°C, BBHBEE: 350°C. a— Y A AR
#: 50 L/hr, BLAEE Y A& 350 L/hr, HEFELHPH:
m/z 80~500.

LB, AF7Y B SL, SLLOESTF A 4> [M-H]~
EUTOLACY IV F 0 EZ S 2 735 (SIM) & —
Fo btk
LB m/z 89 [CH,—CH(OH)COO0]~
A5 71 VB m/z 284 [CH,(CH,),;—COO0]~
SL: m/z 355 [CH,(CH,),;— COO—CH(CH,)—C00] "~
SLL: m/z 427 [CH,(CH,),,— COO—(CH(CH,)—CO0O0),] -

3. SSLA7Z DTS KIUEE

Regula® H ¥ %212, #MiMruo~ by 974 —
(TLC) TSSLEK Tk i L7z, SSLoZuuk i
LB (0.5gmL) 1yl Y A X NTLCT L — MiCHlE
L, Az —F VY2 F N x—F L —BEEE(100: 100 : 1)
RETBER LA 7u0E2 LYV —N) — v (BCG) RE
EEELC, IVEFIULEEZEOMEWERE (HEC
) L, EHIF3vHEFYy - LITLCT V-2 &
BLTRILKFBED LB (BEICHEMB) L, £hth

DAKy b RIER KD,

SSLIEZ DAL, ILEEE AF 7 v EBIEHBROELE R
DB BHID, TN OBERERE SSL & FRICTLCIC i
LTAKRY "ORIEERT-72. AFTY U BE#R L LT
AFTYYBOTY ) —ViEE (500 mg/mL) B & CHLE
it e LT Y F oy A 0B (FlME & L T 500 mg/
mL) #iH8L /-

TR OREHE A3/ v SL, SLLICBI L Tid, 4-8UH PTLC
TL— bbb BBLAAEY PORMEICHY T 5 RKFEE
OFEWE»EWY, FHEHBERL, LCMSOAF ¥ Vil
L CEOHERICE TN ALEMOREL L. 5
FEIUToEBYTHDH SEAPTLC /L — bOTinh
S5lem, M % 2 Hlem® %8 3 12SSL (Lot. No.
SLN71015) » 7 1 Tk v A{EH (0.5 g/mL) 500 p L % TLC
TL—bDOFTHP O lemDREICHIRICH LA FHl
I—F NV ITFNI—FN-FEEE(100:100: )RR T
B LA EBEE 7L-MEE»S52em L H RO
DATXNVEEET7VIFALTEY, FKLD 2ecm DH
BICBCGHABEA BB LA Mo LA Ry FEIC
HHLTNVIFANVTE>THoRFEROT TOEEE D
Ef o7 PERSLTUATFVEIZOORL L2
mLCHI L, RWEZE LA #BohlRiEtry /-
1mLIZBRL, AV TS0 T4 NI —THBLELD%
LC-MSIcfft3 2 3B & L7

4. SLBKXUSLLDEH

SSLH®SL, SLLEAH&XMET 572012,
SLL#% SSL7»SfF8 L, whBEoSHEN & L.

SSL 02g% 7 unALAlmLICBEREE, FOi&E
IRV T AL BREORAMIOmMLE
ozt BHEZ ImLT2RBEICTWMLL. 454
A XBLOBREHEIUTOEBY TH 5.

HFALHA4 R 1.5ecmX30cm, FTEH: U H I,
BaM: AT —F V-V IFNI—FL-EEEE(100:
100:1), #H#: HAET. YUH5V10g2BEHEE
WCBXFELA.

5. LC-MSIC&LDSSLESDES
SSL 50 mg ZHWHIZE DR, T/ —50mLIZIE
BLT1OmgmLICHB L X5iczs /—)LT100
pgmLIZ ERECHR L TSSLRRMK & Lz, SSLES %
ERTLHEBEOZESE, HHOXF7 VB, LB T
TABIU, BELTHEALSL SLLZH W JLBY T
7 AERERE LT1.0mg/mLICFAEL, SL, SLL, A5
THUBEITY ) - VERE L TLOmgmLIc#B LT
FhPneliEpme L BlEERY ZREFNR1~
100 pg/mL i Ay R L 7= Bt A B % LC-MSIC it L,
SIMMlsETREL NS E— 7 THifiA» S MEEE R L 72
SSLAMRIE # M LC-MS&MFICft L, T ha8Ro2
L7

6. SSLODSTLELER

JECFADRTT7 A VAEEF M) 7 25 EO#RI

SLB L
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MRkl Y ICBEY, SSLOORILEEIE RO, RALMRE
13, SSL#EFTAILLTSLE L USLLOBRES Th 5 5L
MBEZAFT) UL, SSLEZMER T A2AMORE%
RODLRBETH B, BRI SSLF oMW &,
LC-MS Tt L72SL, SLLEEMNHME X U'SSLt D
7Y — DM R L7

BERBLUZER
1. SSLE OB

SSL# TLCIZfit 24, BCOHEEB I U a v IZR
BmERTIONDARY A, B, C (Rfff0.7, 0.3, 0.1) B
LTUEEADOAFRY FDEMRHB L. AF7 ) v EBIZEE
DRFEIZARy PAL—F L, ABEEZOZARY VI
BEEOARy +DERBICERSINRD- 72 (Fig. 2).

BHIOHHATLCA S AKXy +B, Ci4rHLL, HPLC
SHELCMSDOD b —F VA4 70~ b 7574 —
(TIC) TENFNPHE—-DE -7 L L THRBIRL Z0
MR BECOAWICELUIE AW TH D LRE
XN FREFNORAZANRY bAERRBILE-ESA, R
FEy B bidm/z 283, 355 F L, ZAEY FCHhS
lZm/z: 283, 355, 427 % M L7z, SSLOEMEB LU
BErBEORE,SEAT, AEy PBIRSLT. Bl
ENfzm/z 3551 SLABL 70 b v LS F A4 v M

_________ -
1 2 3

Fig. 8. Preparative TLC and LC-MS analysis of SSL extract

—H] " THH, m/z 283X SLABLIMIL LA 757 A ¥
b4 F >~ [CHy(CH,) ,,—COO0] Th s LHM LA /2
R P CIESLLT, MBEN/m/z 4271%, SLLAEL 7

B @
c @
........ L R el EEEEEEEE - EEPREEE
1 2 3

Fig. 2. TLC analyses of SSL extract and reference samples

SSL was extracted with chloroform and separated
on a silica gel plate using petroleum ether—diethyl
ether—acetic acid (100:100: 1) as the developing
solvent. Lane 1, SSL extract; Lane 2, stearic acid
ethanol solution (500 mg/mL); Lane 3, lithium lac-
tate solution (500 mg/mL).

SpotB
Ipten
] 283
750006]
500006} 353
250008]
c:‘. ; : .-
100 200 300 400 m/z
SpotC  ipen
355
40000
30000
200001 283
427
10000-]
0 1 1 1 ' 1

(Left) Preparative TLC chromatogram of SSL extract. The SSL was extracted with chloroform and separated on a silica
gel plate using petroleum ether—diethyl ether—acetic acid (100 : 100 : 1) as the developing solvent. Lane 1, SSL extract;

Lane 2, Spot B fraction; Lane 3, Spot C fraction

(Right) The LC-MS spectrum of Spots B (upper) and C (bottom). Spots B and C were concluded to be stearoyl lactate

(SL) and stearoyl-2-lactylate (SLL), respectively.
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Fig. 4. LC-MS total ion chromatogram of SSL and MS spectra of each peak
uhry LS FA4 Y M—H THYH, m/z 283 1
SLLAEM S 7 F VABIL L7 572 M4 XY \ N
[CH,(CH,),s— CO0] TH Y, m/z 3551% SLLH IR \ X
itlL27 357 4 v A4 T »[CHyCH,),—COO— | A 3 m/z 89
CH,(CH,))COO]  ChHAELHIW LA ZNnoDiHREIL, mmwmwjuw, m/z 283
P9 R T 5 SSLIdELE. A7 7 ) v, SL, SLL# | K
EHT DI EAURE N (Fig. 3). \ m/z 355
2. SSL 5D SL B KU SLL DiEH K m/z 427
SSLEG & ATV ATAIux bT T 74— 124t 5
L, SEERE R A A N m/z 327
SUHTFNATLAIAR ST T 4 —OBERIE 1 mL _
FORBE 20 RICHML 7. 2R b FHEHIE2 pL% TLC 0 ° 10 1> mn

M AEEDE S Y TAR Y e Fig. 5. SIM chromatogram of SSL

SR RAMECTERL, AF 7Y vBER—ORMEETRL

12 CRLOEFIEFEINLMGEATT ) VBTHL L 327) concentration: 100 pg/mL
ErEsni, RABRES~11AHOMSE, LC-MSHHO

b= NAFrr7a< b FLTH—-E—2ThHY, D

1) lactic acid (m/z 89), 2) stearic acid (m/z 283 ), 3)
SL (m/z 355 ), 4) SLL (m/z 427) SSL, 5) PL (m/z

Table 1. Amounts of lactic acid, stearic acid and related

=2 D AR~2Z bLTIR, WBORMI03%ZFRT A
By PBEREL m/z 283, 350 & -2 Ltk

compounds determined in SSL

D, SLTHEIEDPHAEINS. ENoHOMTZ DT Sample Lacfcic Stee}ric Stearoyl Sztf::;)};l
SRAATWMIZI L, 95 mgDE KM E R S50 Lot. ezg/i()i ?3/51 1ac;;‘;‘te lactylate
WY 12~20 K OWMi53E, LC-MSHH D b —2 v A F (%)
a5 ATH—~E-2THY), FOE—I2DTR SLN71014 8.3%0.1 14.3%+1.7 56.0+t14 11.2%0.3
A7 P VTR O RAN0.1 2 RT AHKy b Celifgyz  SLNTI015 84405 152209 583%11  143+16
m/z. 283, 355, 4270 S iz L2k b, SLLTH Mean 8.4 14.8 57.2 12.8

LI DRI NS FROHOWMGE SO TIHE T B Mean=S8.D. (n=3)
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Table 2. Total amount of lactic acid detected in SSL determined by the colorimetric method (JECFA meth-

od) and LC-MS

Colorimetric LC-MS method
Sample method
Lot. Total lactic acid Free lactic acid Lactic acid in Lactic acid in Total lactic acid
(%) (%) SL (%) SLL (%) (%)
SLN71014 30.0 8.3 14.6 4.9 27.8
SLN71015 29.6 8.4 14.8 5.7 28.9
Mean 29.8 8.4 14.7 5.3 28.4

E1smgOHEEREEL WHBEEO N —F VA %
yruaw b T AIEREY - BB s h ool b
POEMEOSLE LUSLLIER B LEL bR,

3. LC-MSIC&LDSSLETDER

SLESLLOBEMERRM /LI LX), SSLABK
WELC-MSTHITL, SRAEERTHI L 2R AT
SSLO b= VA Frrav 75 LERT (Fig 4. 3L
B, 277 ) VEBEES SLIEEY, SLLZEHY
ORBEBEEY— 2O ARANS ML, ¥—7 11k
LB Y- 2@0AT T VEBTHLIEPFHLP L
7z, ¥—23, 4 3SLEEY, SLLEEY) L oREOH
MAoHE—2313SL, ¥— 2 4 dSLLEHB LA, ¥—
Z5IEMEBOR—~ VY~ T, ZFOTAANT ML EEITL
ek TAh, m/z255 RIS, THEVIFUBOS
F 4 # ¥ [CHy(CH,),,CO0] " & —B L7z, &5612, SIM#%
HWTPLOEUGTF1 4+ M—H IZHHET 2 m/z 327
THELALE, FEBERCC-7 BB &n
5 PL L g 3 7z (Fig. 5).

EHICHAEHEER, A7 7)) VEEERB LU SLFER
Y, SLLAEEY CER LRERD» L SSLOK T ER
L 7z(Table 1). SSL 100 pg/mLWHiZ& TN 27 —DH
B138.4%, AT 7 vHEEL14.8%, SLiX57.2%, SLLiZ
12.8% CTHo7z. TNHAHTIESSLEEN93.1% % H©
7z. SSLHFIZEANREOLNAZPLIZ2WTIE, HlK®
PLAZ#E 372, SSLAL OB TIHERFZE LTHE
WL EVPRETH 20, FOBEBIZELLD -
7=,

4. LC-MSICLDEEEBNOEHT DSSLHDIEE

CHABBEEDLR

JECFABTHE L - SSLOBABRE L LC-MSOEE
2 SHEHB L/-SL, SLLHERT 2782 % K L 72 (Ta-
ble 2).

SLHEOIAM I, SLAFHROARS T FBST
HWISLATH =025) ZiMlESN/ZSLEICELTRD.
SLLH RO #AMh S AR, M S/ SSLH® SLL
IZSLLATH OB T (LIS F i x2/SLL 4 F it
=0.42) 2MWEENASLLEIZELTRD .

SSL (100 ug/mL) 21 v b O &l E 0 FIEEO NI
BWTSL, SLLICH¥R T 5 LB & (14.7 pg/mL, 53 pg/

mL) & 7Y —OHABE (84 ugml) DEEEIZ284ug T
HY, SSLEEMN284% % 5o 7. ZOEIESSLOKRIL
BB O 7R LB E (29.8%) 12 5E W A EE R L 72,

LC-MS CHEH L7-SSLe o 7Y —oF#E, SL, SLLE
P HEM L 72SSLOAEEE, JECFAORALBREBT
BOEN/-SSLOBABBEE AR LI &2, RIFFEIC
LY WMHTSSLIKG % B/, EAIZFHI L7

x & ®

JECFADSSLER TIXSLL E PLAER S TH B & 2
NTWaBRY, ZOFMZRTMIEZ . BARICEHSL
TW5b SSLAEGH L7k, SLAS68% CEWMASTH DT
EDHBI LA FoMoRaic AT 7 ) B, SLL, #
B, PLTHALZ DO THLPER 572

HRGICHAEO S 5 BEHEMW IS L TIXIECFA®D
HELEHROBUEZBRETHVLERS L EEZ ONL. #
D728, WHMIHEMT B SSLICBVTYH, FHIZE L Wk
BRI A IR,

El i

FEOAREES N BOKXKEICSET 2 ERER
F%EThD. KFZEE, BEEFEHEHEMDSIIIDE
L7, ERESMWAT7 a4 VAERFT by A% TRE
Wi Zn e KRB SRR ITRE v LT
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Enzymatically hydrolyzed guar gum (EHGG), which is used as a thickener or a soluble dietary
fiber, is produced by partial hydrolysis of the guar gum (GG) backbone using mannan endo-
B-1,4-mannosidase. In this study, we compared and evaluated 3 methods to distinguish EHGG from
other polysaccharides used as food additives or monosaccharides. The first method is based on
cross-linking reaction of saccharide hydroxyl groups mediated by borate ions. EHGG showed gela-
tion and was distinguished from some soluble polysaccharides, which did not form gels, and also
from polysaccharides with low solubility in water. The second method is based on co-gelation with
xanthan gum. It was applicable to GG, but not to EHGG. The third method is based on the alcohol
precipitation of hydrophilic polymers. EHGG, some soluble polysaccharides and monosaccharides
were dissolved in water at the concentration of 10%, while GG and some polysaccharides were not.
The 10% solutions thus obtained were mixed with 2-propanol at the ratio of 1: 1 (v/v). A white pre-
cipitate was formed in the EHGG solutions and the tested soluble polysaccharide solutions, while it
was not produced in the monosaccharide solutions. This result demonstrated that soluble polysac-
charides including EHGG can be distinguished from polysaccharides with low solubility or mono-

saccharides by the third method.

Key words:
cipitation

Introduction

Guar gum (GG) is a galactomannan extracted from
ground endosperm of guar beans. The basic structure of
GGY (Fig. 1) is composed of a linear backbone chain of
B-1,4-linked mannose residues to which galactose resi-
dues are a-1,6-linked at every second mannose. The ra-
tio of mannose:galactose in GG is about 2: 1 and the av-
erage molecular weight is approximately 200,000 Da".

oHH

HO

a-D-galactose

oH
o
oH OH
HO o .
OH'©
OH

B-D-mannose B-D-mannose

Partial structure of guar gum (GG) and enzymati-
cally hydrolyzed guar gum (EHGG)

Fig. 1.

* akiyamat@nihs.go.jp

enzymatically hydrolyzed guar gum; polysaccharide; sodium borate; alcohol pre-

Enzymatically hydrolyzed guar gum (EHGG), which is
also called partially hydrolyzed guar gum (PHGG), is
produced by partial hydrolysis of the GG backbone with
mannan endo-f-1,4-mannosidase. The average molecu-
lar weight of EHGG is approximately 20,000 Da®".
EHGG uptake has been shown to suppress postprandial
serum lipid levels after consumption of a meal high in
fat and cholesterol, reducing the absorption of fat and
cholesterol through the depletion flocculation mecha-
nism””. In addition, EHGG uptake decreased the symp-
toms in constipation-predominant and diarrhea-predom-
inant forms of irritable bowel syndrome, as well as
decreasing abdominal pain®. It was reported that diar-
rhea caused by ingestion of sugar alcohol sweeteners is
suppressed by EHGG uptake”.

EHGG is included in the List of Existing Food Addi-
tives in Japan™®' and is classified as a thickener. Howev-
er, the specification as food additive has not been estab-
lished by the Ministry of Health, Labour and Welfare of

*! Notification No. 120 (Apr. 16, 1996), the Ministry of
Health, Labour and Welfare of Japan.

*2 Notice No. 0701007 (Jul. 1, 2005), Department of Food
Safety, Pharmaceutical and Food Safety Bureau, the Min- ‘
istry of Health, Labour and Welfare of Japan.
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Japan. Specifications for EHGG as a food additive have
not been defined in any country. Therefore, we have
been investigating the proposal specification for Japan's
Specifications and Standards for Food Additives, includ-
ing identification tests.

Tests for identification, which can distinguish EHGG
from other food additives, are necessary for standardiza-
tion, and to establish specifications and safety require-
ments for EHGG. The self-regulatory specification of the
Japan Food Additives Association (JFAA) has 2 identifi-
cation tests for EHGG based on conventional methods
for gumsm. EHGG as a soluble dietary fiber is specified
as a standardized food for specialized health uses (stan-
dardized FOSHU) in Japan™. Identification tests in this
specification are similar to those in the specification of
JFAA. To our knowledge, there are no reports on EHGG
identification tests in scientific publications.

According to the JECFA specifications for gums, the
analysis of individual monosaccharides in gums is rec-
ommended for identification tests. We previously devel-
oped an identification method for gums by analyzing the
diethyldithioacetal derivatives of monosaccharides”.
However, we considered that this test would be inappro-
priate as an identification test for routine inspection due
to its complexity and time-consuming nature. In the
present paper, we compared and evaluated 3 simple
methods for use as identification tests for EHGG.

Materials and Methods

Samples and reagents
Gum samples of EHGG, GG and xanthan gum were
kindly provided by JFAA. Only 3 EHGG products from 2
manufacturers are circulated by JFAA member compa-
nies. Sample A was a product from one manufacturer
and samples B and C were from the other.
Other gums were of reagent grade. Pectin from apple,
" pectin from citrus, swelling alginic acid, non-swelling al-
ginic acid, k-carrageenan, A-carrageenan and dextran
(molecular weight: 32,000-40,000) were purchased from
Wako Pure Chemical Industries, Ltd. Gum arabic from
Acacia senegal and gum tragacanth were products of
Sigma. Gum ghatti and pullulan were purchased from
MP Biochemicals and Hayashibara, respectively.
p-Galactose, p-mannose, sodium borate and 2-propa-
nol were of reagent grade, purchased from Wako Pure
Chemical Industries, Ltd. Ultrapure water (>18 MQcm),
prepared with a Milli-Q SP Reagent Water System (Mil-
lipore, Billerica, U.S.A.), was used throughout the study.

The method based on cross-linking reaction with borate
ons

Two grams of gum sample was moistened with 0.4 mL
of 2-propanol. Ten milliliters of water was added gently,
and the mixture was mixed vigorously until the gum
was completely dispersed. Ten milliliters of 5% sodium
borate solution was added while mixing gently.

The method based on co-gelation with xanthan gum

Approximately 1, 2 or 4 g of sample was mixed with
approximately 1, 2 or 4 g of xanthan gum, and 4 mL of
2-propanol was then added. Two hundred milliliters of
water was gradually added with vigorous mixing until
the gum was completely dispersed. Approximately half
of this solution was transferred to another vessel, heated
at 95°C for 10 minutes and then cooled in an ice-water
bath.

The method based on precipitation using 2-propanol

Two hundred milligrams of gum sample was trans-
ferred to a glass tube and 200 uL of 2-propanol was add-
ed. Two milliliters of water was added and mixed well.
The 10% mixed monosaccharide solution was prepared
by dissolving 74 mg of p-galactose and 148 mg of D-man-
nose in 2 mL of water. Two milliliters of 2-propanol was
added and vigorously mixed.

Results and Discussion

EHGG has high solubility in water because its molec-
ular weight is about one-tenth of that of GG. This prop-
erty may be utilized to distinguish EHGG from insoluble
polysaccharides. On the other hand, its structure as a
galactomannan and high molecular weight are useful to
distinguish EHGG from some polysaccharides and
monosaccharides. In the present paper, we compared
and evaluated 3 methods, which are based on different
principles, for distinguishing EHGG from polysaccha-
rides used as food additives and monosaccharides.

The applicability of a method based on cross-linking reac-
tion with borate ions (the cross-linking reaction method)

A method based on cross-linking reaction of saccha-
rides via hydroxy group mediated by borate ions was
tested. Polyvinyl alcohol, galactomannans and gluco-
mannans are known to crosslink with borate ions. A
method based on this property is utilized for the identifi-
cation test of galactomannans GG and locust bean gum
in Japans Specifications and Standards for Food Addi-
tives'?. In this test, 2g of a sample is moistened with
4 mL of 2-propanol and then dissolved in 200 mL of water.
A 10-mL aliquot of each sample solution, which contains
0.1 g of a sample, is mixed with 2 mL of 5% sodium bo-
rate solution. A positive result in this test is judged by
the formation of a gel or a significant increase in viscosi-
ty. A method based on cross-linking reaction with borate
ions is adopted by the identification tests for EHGG in
the self-regulatory specifications of JFAAY and in the
specification as a standardized FOSHU. Twenty grams
of a sample is used in these tests.

The applicability of the method based on cross-linking
reaction was assessed using all three products circulated
by JFAA member companies. In the assessed method,
the concentration of a sample and sodium borate were
twelve-fold and three-fold higher, respectively, than
those in the test for GG because EHGG didn't form a gel
in the test for GG. The heating step in the test for GG,
which is used to distinguish GG from locust bean gum,
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Table 1. Applicability of the cross linking reaction method and the alcohol precipitation method
Cross linking method Alcohol precipitation method
Solubility in water Gelation Solubitily in water Precipitation

Galactose +mannose NT NT Dissolved No
EHGG Dissolved Yes Dissolved Yes
Gum arabic Dissolved No Dissolved Yes
Dextran Dissolved No Dissolved Yes
Pullulan Dissolved No Dissolved Yes
GG Lump NT Paste NT
Pectin Paste NT Dense suspension NT
Gum ghatti Lump NT Dense suspension NT
Xanthan gum Lump NT Paste NT
Gum tragacanth Lump NT Paste NT
Swelling alginic acid Lump NT Paste NT
Non-swelling alginic acid Paste NT Precipitation NT
k-Carrageenan Lump NT Precipitation NT
A-Carrageenan Lump NT Precipitation NT

NT: Not tested.

was omitted. Two grams of a sample was moistened
with 0.4 mL of 2-propanol and then 10 mL of water was
added. Vigorous mixing of the solution completely dis-
solved samples A and C. Sample B gave a suspension
with low viscosity, indicating that the majority of the
powder was dissolved. When 10 mL of 5% sodium borate
solution was added to the solution, we confirmed that a
gel was immediately formed with all samples. Increased
viscosity indicated that EHGG has sufficient molecular
weight and suitable structure to aggregate when com-
bined with borate.

The applicability of this method was assessed with
various polysaccharides used as food additives. To pass
the test, a polysaccharide must be dissolved or suspend-
ed in water and form a gel when borate solution is add-
ed. Out of 36 thickening polysaccharides included in the
List of Existing Food Additives in Japan, GG, pectin,
gum arabic, gum ghatti, gum tragacanth, alginic acid,
K-carrageenan, A-carrageenan, dextran and pullulan
were obtained. First, 2 g of gum was moistened with
0.4 mL of 2-propanol and then 10 mL of water was add-
ed. After vigorous mixing, gum arabic, dextran and pul-
lulan were dissolved. Other gums form lumps or a paste
(Table 1). Next, 10 mL of 5% sodium borate solution was
added to the solution of gum arabic, dextran and pullu-
lan. Gel was not formed for any sample. There is no re-
port indicating that arabinogalactans or glucans cross-
link with borate. These results demonstrate that EHGG
is distinguished from polysaccharides with low solubility
in water and also from some soluble polysaccharides in
this test.

The applicability of a method based on co-gelation with
xanthan gum (the co-gelation method)

We next evaluated the applicability of a method based
on co-gelation with xanthan gum. A galatomannan gen-
erally forms a gel when it is mixed with polysaccharides
composed of glucuronic acid, e.g., xanthan gum. This ge-
lation is called co-gelation or viscosity synergy. An iden-

tification test in the self-regulatory specifications of
JFAA adopts this principle. We examined whether
EHGG would induce co-gelation when mixed with xan-
than gum. An aliquot of EHGG (sample C) was mixed
with xanthan gum. Tested combinations of EHGG and
xanthan gum were as follows: (weight of EHGG: weight
of xanthan gum)=(lg:1g), (2g:1g), (2g:2¢),
(4g:1g), (4g:4g). Next, 4 mL of 2-propanol was add-
ed, and the mixture was dispersed in 200 mL of water.
Approximately half of each mixture was heated at 95°C
and then cooled in an ice-water bath. Significant in-
creases in viscosity or gelation were not observed in any
of the tested combinations. In contrast, under identical
test conditions, the mixing of 1g GG sample and 1g
xanthan gum resulted in gel formation. Considering this
result, it is speculated that the molecular length of
EHGG was too small to form an insoluble complex with
xanthan gum. EHGG is not distinguished from monosac-
charides by this method.

The applicability of a method based on precipitation
using 2-propanol (the alcohol precipitation method)

A method based on the alcohol precipitation of hydro-
philic polymers was also evaluated. This property of hy-
drophilic polymers had been utilized in some purifica-
tion procedures, i.e., the precipitation of plasmid DNA in
50% 2-propanol or in 70% to 80% ethanol. We examined
the applicability of a method based on this property for
EHGG identification. Two hundred milligrams of GG or
EHGG (sample A) was placed in a glass tube, moistened
with 200 pL of 2-propanol, and then dissolved in 2 mL of
water to make 10% solution. EHGG was completely dis-
solved in water, while GG resulted in a turbid solution.
After 2 mL of 2-propanol was added, a white precipitate
was observed. A mixed monosaccharide solution that
contains the same ratio and concentration as 10%
EHGG solution was tested. A solution containing 3.7%
galactose and 7.4% mannose did not produce a white
precipitate or any insoluble material upon addition of
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Fig. 2. Precipitation of enzymatically hydrolyzed guar
gum (EHGG) in the alcohol precipitation method

1 to 4: without 2-propanol; 1, 10% guar gum; 2 to
4, 10% EHGG (samples A, B and C from the left).
5 to 8: after 2-propanol addition; 5 to 7, 10%
EHGG (samples A, B and C from the left); 8,
mixed monosaccharide solution containing 3.7%
galactose and 7.4% mannose

Fig. 3. Precipitation of gums in the alcohol precipitation

method

1, 10% EHGG (sample C); 2, 10% gum arabic
from Acacia senegal; 3, 10% dextran; 4, 10% pul-
lulan

2-propanol. In addition, with this method, the other two
products tested (sample B and sample C) produced

white precipitates (Fig. 2). Although sample B did not

dissolve completely in water (tube 8 in Fig. 2}, precipita-
tion (tube 6 in Fig. 2) was clearly distinguishable. These
results demonstrate that EHGG, which is a polymer of
100 to 150 sugars, can be distinguished from GG based
on solubility in water and also from monosaccharides
based on precipitation in 50% 2-propanol using this pro-
posed method. :

Other gums, pectin, gum arabic; gum ghatti, gum
tragacanth, alginic acid, x-carrageenan, A-carrageenan,
dextran and pullulan, were tested using this method.
Gum arabic, dextran and pullulan were dissolved com-
pletely. When 2 mL of 2-propanol was added, a white
precipitate was observed for each of these samples (Fig.
3 and Table 1).

It was demonstrated that the alcohol precipitation
method was able to distinguish EHGG from GG, poly-
saccharides with low solubility and monosaccharides.

Conclusion

1) EHGG is distinguished from polysaccharides with
low solubility in water and also from some soluble poly-
saccharides by the cross-linking reaction method.

2} EHGG is not distinguished from monosaccharides
by the co-gelation method.

3) The alcohol precipitation method was able to distin-
guish soluble polysaccharides including EHGG from
polysaccharides with low solubility and monosaccha-
rides.
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Abstract

Caramel ITI, a food-coloring additive, is tested in Japan for the presence of the impurity, 2-acetyl-4-tetrahydroxybutylimidazole
{THI), using an official HPLC method. In this HPLC method, THI is derivatized with 2,4-dinitrophenylhydrazine and then
separated using octyl column. Improvement of the analytical conditions was attempted because contaminants can often
compromise this test. Isolation of the analyte was improved when 0.1 mol/L phosphoric acid/methanol mixed solution (70:30)
was used ag the mobile phase. The revised method gave higher analyte concentrations compared to the standard method. The
quantitative values obtained by LC/MS were equivalent to those obtained using the revised method, demonstrating the superiority
of the revised method to the standard method.

Keywords : caramel, 2-acetyl-4-tetrahydroxybutylitnidazole, 2,4-dinitrophenylhydrazine, HPLC, octyl colummn

I Introduction

HO v
"o oH “‘N
Caramel 111, a food-coloring additive, is tested in +
Japan for the presence of the impurity, 2-acetyl-4- OHN;: Q
HG N

tetrahydroxybutylimidazole (THI), using an official HPLC ”’ HN=NH,
method. This method requires the derivatization of THI with 2-acelyl-d{1,2,3 d-tetrahydroxybutyliimidazole  24-dinfiraphenylhydrazine
2,4-dinitrophenylhydrazine (DNPH, Fig. 1)"®. THI is reported (THL, CgH14N,03) (DNPH, CeHgN,O4)

to have immunotoxicity, such as a lymphopenic effect in.

rats. ¥ The standard method is based on the method Y
established by Kxoplien et al.¥ Similar methods are defined
under standards of JECFA, EU, and FCC™9, HO

The method comprises purifying THI from caramel III on
—‘\l* HN'-"N N

a column containing two kinds of cation exchange resins, E

reacting THI with DNPH to derivatize it to hydrazone (THI-

DNPH, Fig. 1), and then using an octyl column to isolate and 2-acetyl—6~(’£,2,3,4—€etrahydroxybuty!)lmxdazoie 2,A-dinitrophenylhydrazone
quantify THI-DNPH by HPLC using 0.1 mol/L phosphoric {THI-DNPH, G15HgNgOg, malecular weight = 410.34)

acid/methanol (50:50, ¥/v) as the mobile phase. However, using
the official method, the separation of THI from contaminants Fig: 1. Structures of 2-acetyl-4-(1,2,3,4-tetrahydroxybutyl)

is often poor, and the reliability of the quantitative values has imidazole (THI) and its derivative, 2-acetyl-4-(1,2,3,4-
been proven problematic. Also, although the J ECFA standard tetrahydroxybutylimidazole 2,4-dinitrophenylhydrazone
recommends an HPLC octyl column with 10 pm particle size, (THI-DNPH).

Corresporiding author: Takumi Akiyama, National Institute of Healtl Sciences,
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ABSTRACT

Steviol glycosides are natural sweetener constituents found in the leaves of Stevia rebaudiana Bertoni (Asteraceae). The
specifications for steviol glycosides were established by the Joint FAO/WHO Expert Committee on Food Additives
(JECFA) in 2008, although there was a call in the following year for the modification of this assay method to enable the
determination of nine steviol glycosides rather than just seven. In response, based on a proposed method by the Japan
Stevia Association, we developed an improved method by changing the HPLC conditions and including the use of an
octadecylsilyl column instead of an amino-bonded column to enable the rapid and reliable determination of the nine
steviol glycosides by an isocratic HPLC-UV method. With the developed method, the nine steviol glycosides can be
separately determined, and identified using individual reference chemicals as standards, unlike the previous identifica-
tion method, which was based on the relative retention times. In addition, the single stevioside quantification standard
was replaced with both stevioside and rebaudioside A quantification standards. Importantly, the validation of the de-
veloped method was successful. The limits of quantification for the nine steviol glycosides were between 0.2% and
0.6%. The developed assay method for the nine steviol glycosides was proposed to JECFA and adopted as the revised
assay method for the steviol glycosides specifications at its 73rd meeting in 2010.

Keywords: Steviol Glycosides; Stevioside; Rebaudioside A; Reversed-Phase HPLC; JECFA Specifications

1. Introduction glycosides: stevioside, rebaudioside A, rebaudioside B,
rebaudioside C, dulcoside A, rubusoside, and steviolbio-
side (Figure 1). These compounds were analyzed by
HPLC using an amino-bonded column and identified by
the zone method with relative retention times to that of
rebaudioside A.

In 2009, JECFA required that additional information
for the detection of the steviol glycosides rebaudioside D
and rebaudioside F (Figure 1) included in the assay me-
thod. In response to this request, the Japan Stevia Asso-
ciation (JSA) examined the existing test method and pro-
posed a new one, which was then reviewed and improved
by the National Institute of Health Sciences (NIHS), and
the developed method was reproposed. With this new me-
thod, the nine steviol glycosides could be separately ana-
lyzed by HPLC using an octadecylsilyl (ODS) column.

Steviol glycosides are natural sweeteners found in the
leaves of Stevia rebaudiana Bertoni (Asteraceae), and
their principal components are stevioside and/or rebaudi-
oside A. Stevia extract was accepted as an existing food
additive by the Ministry of Health, Labor and Welfare in
Japan (1996), and it has been used in many types of Ja-
panese foods. The specifications for “steviol glycosides”
were established by the FAO/WHO Joint Expert Com-
mittee on Food Additives (JECFA) in 2008 [1], and ste-
via extracts were also approved as generally recognized
as safe by the US Food and Drug Administration that year.
Since then, purified stevia extracts have been used through-
out the world.

In the specifications established by JECFA in 2008 [1],

the assay determined the concentrations of seven steviol

"Corresponding author.

Copyright © 2013 SciRes.

Moreover, each steviol glycoside was identified by an in-
dividual reference chemical rather than by the zone method,
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Figure 1. Structures and molecular weights of steviol glycosides.

and the quantification was achieved using both stevioside
and rebaudioside A standards. Thus, this analysis provi-
ded higher accuracy and reliability. Subsequently, this
method was adopted as the revised assay method for ste-
viol glycosides at the 73rd JECFA meeting in 2010 [2].
This paper describes the basis of the new method develo-
ped by both JSA and NIHS.

2. Experimental
2.1. Reagents and Samples

The standards for stevioside (99.0+% (HPLC, dried), Code
No. 193-15351) and rebaudioside A (99.0+% (HPLC,
dried), Code No. 183-02361) used for the quantification
were purchased from Wako Pure Chemical Industries
Co., Ltd. (Osaka, Japan). The other seven steviol glyco-
sides (rebaudioside B, rebaudioside C, rebaudioside D,
rebaudioside F, dulcoside A, rubusoside, and steviolbi-
oside) were prepared from stevia extracts by the Labora-
tory of Creative Science Co., Ltd. (Osaka, Japan). The
purity of rebaudioside F was approximately 20%, while
that of the other compounds was greater than 90%. A
reference standard mixture containing the nine steviol
glycosides for peak identification was prepared by dis-
solving nine standards in a 30:70 (v/v) mixture of acetoni-
trile and water, which are currently marketed by Wako
Pure Chemical Industries. Two samples of commercial
stevia extracts used as food additives in Japan, RA95 and
RA60, were obtained from Morita Kagaku Kogyo Co.,
Ltd., Japan.

2.2. HPLC

The analysis was performed using an Alliance 2695
HPLC system (Waters Co., MA, USA) with an SPD-
10AV UV-Vis detector (Shimadzu Corporation, Kyoto,

Copyright © 2013 SciRes.

Japan). Separation was carried out on 4.6 x 250 mm
ODS columns with a particle size of 5 um: Capcell Pak
C18 MGII (Shiseido Co., Ltd., Tokyo, Japan), Shim-pack
CLC-ODS (Shimadzu Corporation), and Luna C18 (Phe-
nomenex Co., Ltd., CA, USA). For comparison, a Sun-
Fire C18 column (Waters Co., Ltd.) and other ODS co-
lumns were also used. The column temperature was main-
tained at 40°C. Elution was achieved using a 32:68 (v/v)
mixture of acetonitrile and 10 mmol/L sodium phosphate
buffer (pH 2.6) as the mobile phase for 30 min. The flow
rate was maintained at 1.0 mL/min, and the chromato-
graphic profile was monitored at 210 nm.

For comparison, the existing JECFA method was per-
formed using a Supelcosil LC-NH2 amino-bonded co-
lumn (4.6 mm i.d. x 250 mm, 5 pm, Sigma-Aldrich Co.,
MO, USA). The column temperature was maintained at
40°C. Elution was achieved at a flow rate of 1.0 mL/min
using an 80:20 (v/v) mixture of acetonitrile and water
adjusted to a pH of 3.0 with phosphoric acid as the mo-
bile phase, and the chromatographic profile was monito-
red at 210 nm.

2.3. Test Method

For the standard solutions, each of the stevioside and re-
baudioside A standards (50 mg each after drying at
105°C for 2 h) was accurately weighed into separate 50
mL volumetric flasks, and the volume was made up with
a 30:70 (v/v) mixture of acetonitrile and water. They
were diluted as appropriate with the same solvent mix-
ture. For the sample solutions, RA95 and RA60 (50 mg
each after drying at 105°C for 2 h) were accurately weigh-
ed into separate 50 mL volumetric flasks, and the volume
was made up with a 30:70 (v/v) mixture of acetonitrile
and water. The standard and sample solutions (5 pL)
were injected into the HPLC system. Steviol glycosides
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were identified on the basis of their correspondence of
retention times using the reference standard mixture, and
the peak areas were measured. Each solution was injec-
ted in triplicate, and the mean value was used for quanti-
tation.

2.4. Calculation of Steviol Glycoside
Concentration

The concentration of eight (not rebaudioside A) steviol
glycosides (x) in the sample was calculated by the fol-
lowing formula:

n/snksm X fx X Ax-smp x IOO
W xA

smp Stv--sin

Cx(%) = q8)]

Here Cx (%) is the concentration of a steviol glycoside,
Wep.sm 18 the weight of the stevioside standard (dried ba-
sis), Wy, is the weight of the sample (dried basis), 4, .,
is the peak area of the steviol glycoside (x) in the sample
solution, A, is the peak area of the stevioside in the
standard solution, and fx is the coefficient value for each
steviol glycoside (1.00 (rebaudioside B), 1.18 (rebaudi-
oside C), 1.40 (rebaudioside D), 1.16 (rebaudioside F),
0.98 (dulcoside A), 0.80 (rubusoside), or 0.80 (steviolbi-
oside)).

The concentration of rebaudioside A in the sample was
calculated by the following formula:

/4 x A x100

_ reA--stn red—smp
CmA(%)_ W xA (2)

smp red—stn

Here C,.4 (%) is the concentration of rebaudioside A,
Weqsm 18 the weight of the rebaudioside A standard
(dried basis), #,,, is the weight of the sample (dried
basis), 4 es.smp i the peak area of rebaudioside A in the
sample solution, and 4,.4.5, is the peak area of rebau-
dioside A in the standard solution.

The concentration of total steviol glycosides was then
calculated from the sum of the nine steviol glycoside con-
centrations.

3. Results and Discussion
3.1. Analysis Using the Existing JECFA Method

In the JECFA method established in 2008 [1], each ste-
viol glycoside was identified by the relative retention
time to that of rebaudioside A. Figure 2 shows the HPLC
chromatogram of the nine steviol glycosides obtained ac-
cording to the method using the amino-bonded column.
As can be seen in Figure 2, newly added rebaudioside
D appears at 40 min with a broad pattern and low sensiti-
vity, although the other steviol glycosides are eluted
within 20 min. In addition, although we performed the
analysis of the nine steviol glycosides using the identical
amino-bonded column described in the original JECFA
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Figure 2. HPLC chromatogram of the reference standard
mixture of nine steviol glycosides using an amino column as
described in the conventional JECFA method. Separation
was carried out on an supelcosil LC-NH2 column (4.6 mm
i.d. x 250 mm, 5 pm) at a column temperature of 40°C using
an 80:20 (v/v) mixture of acetonitrile and water adjusted to
a pH of 3.0 with phosphoric acid as the mobile phase at a
flow rate of 1.0 mL/min. the eluted compounds were moni-
tored at 210 nm. 1: rubusoside, 2: steviolbioside, 3: dulco-
side A, 4: rebaudioside B, 5: stevioside, 6: rebaudioside C, 7:
rebaudioside F, 8: rebaudioside A, 9: rebaudioside D.

method, the peaks of rubusoside and steviolbioside were
not fully separated, as shown in Figure 2. Moreover, some
retention times of the peaks of the steviol glycolsides did
not correspond with the relative retention times to that of
rebaudioside A as described in the original JECFA me-
thod. We then attempted to separate the nine steviol gly-
cosides using four other amino-bonded columns—Supel-
cosil LC-NH2-NP (4.6 mm i.d. x 250 mm, 5 pm, Sigma-
Aldrich Co.), Asahipak NH2P-50 4E amino-bonded co-
lumn (4.6 mm i.d. x 250 mm, 5 pum, Showa Denko Co.,
Ltd., Kawasaki, Japan), TSKgel NH2-100 (4.6 x 150 mm,
3 pm, Tosoh Co., Tokyo, Japan), and Wakosil SNH2 (4.6
x 250 mm, 5 pm, Wako Pure Chemical Industries Co.,
Ltd.). Again, similar problems were observed (data not
shown). Although the reason for the insufficient separa-
tion is unclear, the instability of ami no-bonded columns
is one of the problems with the conventional method. The
amino-bonded columns have a tendency to rapidly dete-
riorate. These results suggested that another type of co-
lumn should be introduced. Therefore, we attempted to
develop an analytical method to solve these problems.

3.2. HPLC Using ODS Columns

To solve these problems, the use of an ODS column was
attempted for the determination of the nine steviol gly-
cosides. With respect to the organic solvent for the mo-
bile phase, acetonitrile was found to give a better separa-
tion than methanol (data not shown). Next, to determine
the appropriate pH of the mobile phase, six mobile phases
based on 32:68 (v/v) mixtures of acetonitrile and acidic
solutions, including 10 mmol/L. sodium phosphate buffer
(pH 2.6), 1.4 mmol/L phosphoric acid (pH 3.0), 5 mmol/L
formic acid (pH 3.0), 5 mmol/L ammonium formate (pH
6.1), and 5 mmol/L ammonium acetate (pH 6.6), and
H,0 were used.
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As shown in Figure 3, the nine steviol glycosides
were separately detected within 30 min using five of the
mobile phases under isocratic conditions. Only the mo-
bile phase containing 5 mmol/L ammonium acetate (pH
6.6) was not effective (Figure 3(e)). Rebaudioside B and
steviolbioside appear to elute faster using higher pH mo-
bile phases. The mobile phase formulated with sodium
phosphate buffer (10 mmol/L, pH 2.6) was found to pro-
vide the best peak shape and sensitivity (Figure 3(a)).

Next, the ratio of acetonitrile and 10 mmol/L sodium
phosphate buffer (pH 2.6) in the mobile phase was varied
(35:65, 32:68, and 30:70). As can be seen in Figure 4(a),
when the 35:65 (v/v) mixture of acetonitrile and sodium
phosphate buffer was used as the mobile phase, the re-
tention time of rebaudioside D was very close to the peak
signal caused by injection shock. In the case of the 30:70
(v/v) mixture, rebaudioside B and steviolbioside were
eluted after more than 30 min with broad peaks (Figure
4(c)). Both of the peaks of rebaudioside D and the injec-
tion shock were identically detected using other ODS

@ 1 2 56 7 0

wam
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Relative absorbance (UV 210 nm)

Figure 3. HPLC chromatograms of the reference standard
mixtures of nine steviol glycosides obtained using an ODS
column with six different mobile phases. the mobile phases
were 32:68 (v/v) mixtures of acetonitrile and various solu-
tions, including (a) 10 mmol/L. sodium phosphate buffer
(pH 2.6), (b) 1.4 mmol/L. phesphoric acid (pH 3.0), (¢) 5
mmol/L formic acid (pH 3.0), (d) 5 mmol/L ammonium for-
mate (pH 6.1), (¢) 5 mmol/L. ammonium acetate (pH 6.6),
and (f) H,0. Separation was carried out on a capcell pak
C18 MGII column (4.6 mm id. x 250 mm, 5 pm) at a col-
umn temperature of 40°C and a flow rate of 1.0 mL/min
and was monitored at 210 nm. 1: rebaudioside D, 2: reba-
udioside A, 3: stevioside, 4: rebaudioside F, 5: rebaudioside
C, 6: dulcoside A, 7: rubusoside, 8: rebaudioside B, 9: ste-
violbioside.
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columns (data not shown). Fortunately, with the 32:68
(v/v) mixture of acetonitrile and sodium phosphate buffer,
the injection shock and rebaudioside D peaks were sepa-
rated, and the rebaudioside B and steviolbioside peaks had
a good shape and retention time. Based on these results,
the 32:68 (v/v) mixture of acetonitrile and 10 mmol/L
sodium phosphate buffer (pH 2.6) was selected as the
mobile phase. Under the analytical conditions, the UV
spectra of the steviol glycosides showed the strongest
UV absorption near 200 - 210 nm (data not shown).

To confirm the equality of different ODS columns, the
analysis was carried out using more than six commercial
ODS columns, and the results were compared. As can be
seen in Figure 5, the elution patterns of the nine steviol
glycosides were equivalent among four of the ODS col-
umns, and the resolution of the rebaudioside A and ste-
vioside peaks for the Capcell Pak C18 MGII (a), Shim-
pack CLC-ODS (b), Luna C18(2) (c), and SunFire C18
(d) columns was 1.65, 1.60, 1.55, and 1.42, respectively.
However, stevioside and rebaudioside A could not be
separated on some of the ODS columns (Figure 5(e)).
Therefore, ODS columns with the appropriate level of
resolution should be selected for the analysis of the nine
steviol glycosides.

3.3. Calibration Curves for the Developed Assay
Method

The calibration curves were constructed for a range of
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Figure 4. HPLC chrematograms of the reference standard
mixture of nine steviol glycosides using different mobile
phases. Mobile phases were 35:65 (v/v) mixtures of acetoni-
trile and 10 mmol/L sodium phosphate buffer (pH 2.6) (a),
32:68 (v/v) mixture of acetonitrile and 10 mmol/L sodium
phosphate buffer (pH 2.6) (b) or 30:70 (v/v) mixture of ace-
tonitrile and 10 mmol/L. sodium phosphate buffer (pH 2.6)
(c). Separation was carried out on capcell pak C18 MGII
column (4.6 mm id. x 250 mm, 5 pm) at a column tem-
perature of 40°C and a flow rate of 1.0 mL/min. The eluted
compounds were monitored at 210 nm. 1: rebaudioside D, 2:
rebaudioside A, 3: stevioside, 4: rebaudioside F, 5: rebau-
dioside C, 6: dulcoside A, 7: rubusoeside, 8: rebaudioside B,
9: steviolbioside.
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nine concentrations of the stevioside and rebaudioside A
standards (Figure 6). Good linearity was achieved over
the concentration range from 0.001 to 2.0 mg/mL for
both the stevioside and rebaudioside A standards. The
correlation coefficients (R”) for the two steviol glycol-
sides were more than 0.9999. The limits of quantification
{LOQ) (S/N = 10) for stevioside and rebaudioside A
were 3 pg/mL each in the standard solutions and 0.3%

. 3
(a) 2 58 7 g 9
4 A A
w 20 587 g 9
4 M
1 3
© 2 58 7 9

8

MJULJ\M:

20 25 30

Relative absorbance (UV 210nm)

Retention time (min)

Figure 5. HPLC chromatograms of the reference standard
mixture of nine steviol glycosides using different ODS co-
lumns (4.6 x 250 mm, 5 pm), Capcell Pak C18 MGII (2),
Shim-pack CLC-ODS (b), Luna C18(2) (¢), SunFire C18 (d),
or other ODS column (e). Mobile phase was 32:68 (v/v) mix-
ture of acetonitrile and 10 mmol/L sodium phosphate buffer.
Separation was carried out at a column temperature of
40°C at the flow rate of 1.0 mL/min. The eluted compounds
were monitored at 210 nm. 1: rebaudioside D, 2: rebaudio-
side A, 3: stevioside, 4: rebaudioside F, 5: rebaudieside C, 6:
dulcoside A, 7: rubuseside, 8: rebaudioside B, 9: steviolbi-
oside.
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Figure 6. Calibration curves for the stevioside and rebau-
dioside A standards.
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each in the sample mixture. Good linearity was also achi-
eved for the other seven steviol glycosides (data not shown)
over the concentration range from approximately 0.001
to 0.5 mg/mL for rebaudioside D, rebaudioside C, dulco-
side A, rubusoside, rebaudioside B, and steviolbioside,
and 0.0001 - 0.1 mg/mL for rebaudioside F. The correla-
tion coefficients for the seven steviol glycosides were
more than 0.999. LOQ (S/N = 10) for the seven steviol
glycosides—rebaudioside D, rebaudioside F, rebaudio-
side C, dulucoside A, rubusoside, rebaudioside B and ste-
violbioside—were 2, 4, 4, 4, 4, 6, and 5 pg/mL, respec-
tively, in the standard solutions and 0.2%, 0.4%, 0.4%,
0.4%, 0.4%, 0.6%, and 0.5%, respectively, in the sample
mixture. Therefore, the linearity and sensitivity of the me-
thod are acceptable.

3.4. Verification of the Developed Assay Method

As shown in Table 1, the precision of the method was
tested using multiple injections of high-purity samples of
stevioside and rebaudioside A (n = 3). The relative stan-
dard deviation (RSD) for the amount of stevioside and re-
baudioside A determined in the samples was calculated
to be 0.41% and 0.70%, respectively. These RSD values
are acceptable.

3.5. Application of the Developed Method to
Commercial Stevia Extracts

To ensure the applicability of the developed method, the
quantities of the nine steviol glycosides in two types of
commercial stevia extracts, RA 95 and RA 60, were de-
termined. The reference standard mixture of the nine ste-
viol glycosides was used for the identification of the peaks.
As shown in Figure 7, both samples contained mainly
rebaudioside A, although RA 60 also contained some le-
vels of stevioside and rebaudioside C.

The quantification results are summarized in Table 2.
The values were calculated using the rebaudioside A stan-
dard for rebaudioside A and the stevioside standard for
the other eight steviol glycosides. The percentage of total
steviol glycosides in the two stevia extracts, RA95 and
RA60, was 99.5% and 88.9%, respectively.

Table 3 shows the quantified values of rebaudioside A
and the total value of the steviol glycosides in the stevia
extracts calculated using the rebaudioside A standard and
the stevioside standard. Rebaudioside A was analyzed by
the developed HPLC method, and then the levels of re-
baudioside A in the stevia extracts, RA 95 and RAG60,
were determined by the two different calculation meth-
ods with the stevioside standard or the rebaudioside A
standard. In the previous JECFA method, the rebaudi-
oside A levels were determined using the stevioside
standard as f, = 1.20 in Equation (1). However, in the
developed method in this study, an actual rebaudioside A
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Figure 7. HPLC chromatograms of the reference standard
mixture of nine steviol glycosides (a), stevia extracts used as
food additives, RA 95 (b) and RA 60 (c). Separation was
carried out on a Capcell Pak C18 MGII column (4.6 mm X
250 mm, 5 pm) at a column temperature at 40°C and a flow
rate of 1.0 mL/min. The eluted compounds were monitored
at 210 nm. Mobile phase was 32:68 (v/v) mixture of aceto-
pitrile and 10 mmol/L. sodium phosphate buffer. 1: rebau-
dioside D, 2: rebaudioside A, 3: stevioside, 4: rebaudioside
F, 5: rebaudioside C, 6: dulcoside A, 7: rubusoside, 8: reba-
udioside B, 9: steviolbioside.

Table 1. Quantification of stevioside and rebaudioside A in
their high-purity samples by the developed HPLC method.

Content (%)
Sample
n=1 n=2 n=3 Mean RSD (%)
Stevioside 99.8 100.5 1004 1004 0.41

Rebaudioside A 99.5 99.6 100.7 999 0.70

standard was adopted for the determination of rebaudi-
oside A, because high levels of rebaudioside A have re-
cently been detected in many stevia extracts, and high-
purity rebaudioside A standards have become commerci-
ally available. As shown in the table, the levels of reba-
udioside A and total steviol glycosides in both RA95 and
RA60 determined by the developed calculation method
appear to be very slightly lower than those obtained by
the previous calculation method. The levels obtained by
the newly developed method are not significantly dif-
ferent from those obtained by the previous method, and
both levels are within the range of the measurement error
(0.73%). Scientifically, in an HPLC quantification me-
thod, the target compound should be quantified by a stan-

dard curve based on a standard of the identical compound.

The levels of rebaudioside A determined using the re-
baudiosideA standard are more precise and reliable than

Copyright © 2013 SciRes.

Table 2. Quantification of the nine steviol glycosides in ste-
via extracts used as food additives using HPLC.

Content
)
Steviol glycoside RAOS RA60

Mean +=SD Mean +SD
Rebaudioside D 0.24 0.01 2.09 0.08
Rebaudi;)side AP 98.7 0.73 653 0.73
Stevioside ND 10.7 0.08
Rebaudioside F 0.52 0.00 135 0.01
Rebaudioside C ND 7.56 0.09

Dulcoside A ND ND
Rebaudioside B ND 1.41 0.03
Rubusoide ND 0.45 0.01

Steviolbioside ND ND
Total 995 073 889 099

steviol glycoside

*On the dried basis. "Rebaudioside A was quantified by rebaudioside A stan-
dard. °ND: Not detected. Each value is a mean of three trials.

Table 3. Comparison of the rebaudioside A concentration in
stevia extracts using the two different calculation methods.

Content (%)°

Developed
calculation method®

Previous calculation
method”

RA95 RA60 RA9S5 RA60

Rebaudioside A 99.1 65.6 98.7 65.3
Total steviol 49 o 89.2 9.6 88.9
glycoside

*On the dried basis. "Rebaudioside A was quantified by stevioside standard.
“Rebaudioside A was quantified by rebaudioside A standard.

those obtained using a standard that is a different com-
pound and requires coefficient value, particularly for ste-
via extracts with high concentrations of rebaudioside A.
Therefore the rebaudioside A standard was used for the
quantification of rebaudioside A in the developed me-
thod.

4. Conclusion

We developed an isocratic HPLC-UV method by em-
ploying an ODS column using a reference standard mix-
ture of nine steviol glycosides. On the ODS column, the
steviol glycosides can be detected separately and sensi-
tively within 30 min. In addition, the use of the reference
standard mixture of nine steviol glycosides enables the
correct identification of the steviol glycosides in different
samples. The reference standard mixture of the nine ste-
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viol glycosides is now commercially available. The rapid
and reliable determination of the nine steviol glycosides
by an isocratic HPLC-UV method on an ODS column
was first developed in this study and has not been previ-
ously reported [3-7]. Subsequently, this method was pro-
posed as the revised assay method for steviol glycosides
and adopted at the 73rd JECFA meeting in 2010 [2] .
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Carthamus Red is a food colorant prepared from the petals of Carthamus tinctorius (Asteraceae) whose
major pigment is carthamin. Since an authentic carthamin standard is difficult to obtain commercially for
the preparation of calibration curves in HPLC assays, we applied "H-NMR spectroscopy to the guantitative
determination of carthamin in commercial preparations of Carthamus Red. Carthamus Red was repeatedly
extracted in methanol and the extract was dissolved in pyridine-d; containing hexamethyldisilane (HMD)
prior to 'H-NMR spectroscopic analysis. The carthamin contents were calculated from the ratios of singlet
signal intensities at approximately ¢ 9.3 derived from H-16 of carthamin to these of the HMD signal at o: 0.
The integral ratios exhibited good repeatability among NMR spectroscopic analyses. Both the intra-day and
inter-day assay variations had coefficients of variation of <5%. Based on the coefficient of absorption, the
carthamin contents of commercial preparations determined by 'H-NMR spectroscopy correlated well with
those determined by colerimetry, although the latter were always approximately 1.3-fold higher than the for-
mer, irrespective of the Carthamus Red preparations. In conclusion, the quantitative 'H-NMR spectroscopy
used in the present study is simple and rapid, requiring no carthamin standard for calibration. After HMD
concentration has been corrected using certified reference materials, the carthamin contents determined by

'H-NMR spectroscopy are System of Units (SI)-traceable.

Key words

Carthamus Red is a natural colorant, which is produced
from the dried petals of Carthamus tinctorius 1. (Astera-
ceae). It has been permitted for use and is distributed in
Japan because it is accepted as a food additive on the List of
Existing Food Additives prepared by the Ministry of Health,
Labour and Welfare of Japan.” The major pigment in Car-
thamus Red is carthamin with two fully conjugated chalcone
moieties,>® whereas a minor red pigment was isolated and
identified as the hydroxyethyl ether of carthamin® (Fig. 1A).
Carthamin was reported to exhibit potent radical-scavenging
and neuroprotective activities.” The carthamin content is
an important index for the evaluation and/or validation of
commercial preparations of Carthamus Red. An HPLC
method was described for the quantitative determination of
carthamin.® Nevertheless, a colorimetric index based on the
color value has been used to validate the Carthamus Red
preparations” because it is difficult to obtain commercially an
authentic carthamin sample to prepare the calibration curves.

NMR spectroscopy is a powerful tool for structure elucida-
tion and quantitative determination of organic molecules.”
The basis of proton-specific quantitative NMR (qgHNMR)
spectroscopy is that the integral of the signal (area under the
signal) is proportional to the number of protons producing the
signal and that the signal intensity per proton is proportional
to the molar amount of the compound. gHNMR spectroscopy
is unique because it allows absolute quantification of organic
compounds by comparing the signal intensity of a specific
compound and that of an appropriate internal standard with
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quantitative NMR; carthamin content; Carthamus Red; Carthamus tinctorius (Asteraceae)

known absolute purity, and the value obtained is theoreti-
cally traceable using the International System of Units (SI-
traceable).>'? Compared with HPLC, gHNMR spectroscopy
is advantageous because no standard compounds are required
to prepare calibration curves. Furthermore, gHNMR spectros-
copy is rapid and non-invasive, and in most cases it does not
require laborious sample pre-cleaning steps.!”

In the present investigation, we demonstrated that gHNMR
spectroscopy can be effectively applied for the quantitative
determination of carthamin in commercial preparations of
Carthamus Red without an authentic carthamin sample.

Experimental

Isolation of Carthamin Carthamus Red (color value
8000; Yaegaki Bio-Industry, Inc., Himeji, Japan) was stirred
with methanol at room temperature for 3h. The methanol
extract was applied to octadecylsilyl silica gel (ODS) column
which was then eluted with 60% methanol containing 0.2%
formic acid. Red pigment fraction thus obtained was puri-
fied by repeating ODS column chromatography to yield car-
thamin. Purity of carthamin was estimated to be 42.6*1.1%
by ¢qHNMR method.

Carthamus Red Preparations Commercial prepara-
tions of Carthamus Red were obtained from various suppliers
(Table 1). The voucher samples were stored in the Depart-
ment of Pharmacognosy, Graduate School of Pharmaceutical
Sciences, Nagoya City University. The color values of prepa-
rations were determined by a previously described method.'?

Chemicals Pyridine-d; was purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Hexamethyldisi-
lane (HMD, Sigma-Aldrich Inc., St. Louis, MO, U.S.A.) was
used as an internal standard for NMR spectroscopic analyses.
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Fig. 1. (A) Chemical Structures of Carthamin and Carthamin Hydroxyethyl Ether and (B) 'H-NMR Spectrum of Carthamin Prepared from Cartha-
mus Red

Carthamin was dissolved in pyridine-d; containing hexamethyldisilane (HMD) as a NMR standard.

Table 1. Commercial Preparations of Carthamus Red Used in the Present
Tnvestigation

Color value

Carthamus Red Lot No.

Claimed Estimated®
Product No. 1 09A012 NAD 18.4+0.8
Product No. 2 90625 13.8 13.9+0.3
Product No. 3 90612 NA 0.143x0.02
Product No. 4 90701 743 819099
Product No. 5 90528 0.455 0.354+0.02

a) Average=standard deviation from five independent measurements. ) Not avail-
able.

Potassium hydrogen phosphate (PHP; NMIJ CRM 3001-a), a
certified reference material whose purity was certified to be
100.00+0.027%, was purchased from Wako Pure Chemical
Industries, Ltd. 1,4-Bis(trimethylsilyl)benzene-d,, a reference

material for gHNMR spectroscopy whose purity was certified
to be 99.8% according to the National Metrology Institute of
Japan (NMTJ), was obtained from Wako Pure Chemical Indus-
tries, Ltd.

'"H-NMR Spectroscopy Apparatus and Parameters The
'H-NMR spectra were recorded using a Bruker Avance 600
(600MHz) spectrometer. NMR spectroscopy acquisition and
processing were performed as previously described.'” In
brief, eight scans were performed for each sample with a 90°
pulse and a 30-s pulse delay because high precision gHNMR
spectra can be achieved when the pulse angle is 90° and the
pulse delay time is greater than the quintuple spin-lattice
relaxation time (>5*T,). The chemical shifts are given as ¢
values (ppm) relative to the internal standard HMD. The start
and end points were manually selected during the integration
of the signal.

Determination of HMD Concentration in the gHNMR
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