— 4,
[=—]

BB PR AT AT 5 60 %

ER%EAEIOT TS5 T74— (HPLC) IZ&ABHEOEEDITEIZ DT

HE W B R, R BR AR i

Quantitative analytical method of sugars by high performance liquid chromatography (HPLC)

MASUDA Seiko*, TOKUSHIMA Masamitsu*, IGARASHI Tomohiro* and MATSUMOTO Yoshitsugu*
*Central Customs Laboratory, Ministry of Finance, 6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Imported foods may have different classifications on the present Customs Tariff Schedule depending on the percentage of
sugars content. HPLC is often used for the quantitative analysis of sugars. Depending on the type of column, inorganic
cations and the reducing sugars in the test solution may damage the column and may have a negative effect on the quantitative
analysis results. In this study, we investigated the sample preparation method and the separation conditions of HPLC using
various columns. As a result, it was possible to perform deproteinization by preparing a test solution using a 50% acetonitrile
aqueous solution without dissolving the inorganic cations derived from the deproteinizing agent in the test solution. In addition,
with respect to the three types of HILIC columns that were newly investigated, by determining the separation conditions and
internal standard substances, it became possible to perform accurate quantitative analysis of sucrose regardless of the
composition of the sample requested for analysis. From the results of the addition recovery test using simulated samples, it
was confirmed that the improved analytical method using three types of HILIC columns enables quantitative analysis of
sucrose comparable to the Customs Analytical Method No.108. For lactose as well, the results were comparable to the Customs
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Analytical Method No.108, depending on the types of simulated samples and the combination of columns.

WASNL2BMOPITIE, BHTHHEOFIEGIZ LY BBlER
LR E DL ORH DT, BEEOEME L ERIILEART
RThD. FFEDOERSHIEL, BB HTE No.108 [HFHEO L
IFESTOEBSIINE] FITHE SN TVDD, BUE S ERSy
HHED 5B, khkx RFEEOIREY T b FEE ORI E &
5T EMNARET, 23D, T — X ORBMEITEN D mEIRA 7 v~
777 4— (BLF THPLC) &\v9H.) ZFIRTDZ ENRL0.

FABIIHHEICHIE 95 HPLC (T X D HPHO & &3 HriE (UL TE
TE] W) ) IZBWTIE, B2 7 2 XAX7 X ) T A
IR R OEREITH) 22105 TWVAER, WTFhoh T A
EEFTHHAICH, UTORICOWTHENEENS.

O FENLTIEN T LOKA T BBERINTLEI &
BUTIE Tl L 7230 P2, BR7Z AL < Al ko migh

KOS 7 LAREEN, REHHROFT Y UL, LoD LS

NERIZEENDIHELH D, L, BALTRED T L%l

MT 288, 0T LORA A DS OB A A 35 T

\IFIET B L, BT LORA TN IS OB A 4 &

s CTLED VA, ZHUTLY, T AIHEINTWDH L

DFENELTH T LRI T 282N 5130, BT 4

DEBERENET U, EROHTHERICER L KT TN H

2.

@ T HTATEITHENFEELTLEI Z L

* BB RHTET  T277-0882  THERUATIM DO 6-3-5

T H T LEERT D, BIOHERREHRIE P ICFET S
L, BIEBEOT AT RIELE DT AOT I KNy TiERE
B L, LSRG T 5. ZhICEY, 7T LONHEREDMK
TL, EEOVTHERICEREL KITTBENALH D 9.

@ SHICHE L= T AOEIRDEE LN &

FERROSHHIRFEREHZIE, L X b, IS0 EEMR LD
FELIANC b, SEOHE, bl ZFWEEORECY L E h—b
HLOPET N a—VEHEGE LTODBANRHLN, BT LT E
(A BERTRE Ao BN 7 L o — VHEN 72 B 728D, AOHTRERR
BHZHE L7 7 AOBIRMBHEEL 72 5T D, Fio, ARiTy
BEVTREZR ) 7 LT - Th, AOXITIQODOHEIZ LY 7T A
DYEEREME T L CWBEAICIINEEN Rme 720, E'&Y
Wit IR MIETBENAH 5.

@ T L7 NI B OB LN 2 &

WHEHEME L LT, BUNETIEY v E b—L, 70k Y %
FHEATDEOBELTNDR, YAE b—WdobrikEatet
WCEENTWAEERH Y, WNIEEMEL L THEATE 2V
AWRBD. £z, VRV AIT I BT A TIHHRFRR /N
ST EDL7D, BEMRIK T OIS & BB+ ThWEE
PHESN, TOX 5 RGAEITE RIS RICEREY KT
TEENRHD.

2 TAMETIE, FEED 5 BE BT & RHE S D HEE OR
WL IR OHLBEC OV, LS ESE LR ERE (U
T IRk £ D)) ROGBESREEIZ OV TR L7z T
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T5.

21 HE AHRUHRE
211 ERE

L 1Bl B AFndm (BAF TR &5 .), 2Rk
W (LR TE2EBE L o.), SEHHE B Yareb—n,
< =h—=, wLF =)k, P RFaxF T N EBEK
AU N M=)y, TNV IUERE, TF NN, VT
=R, TI7HE YK, V&Y, RIZFAT IV

(517 A L L Feisk)

M) AFr—LT B, AYVZY R) b=, N-TEFNLT
navIv, Fgrvn—A, Uy Gk )

A MY U LB, MY U LMERER, 1Y U LR,
ey MEUER, TEMTUER, Y v AEEERR 1000ppm (&7 A
J LFEHIEE)

XU b= (T=TNAVRY vF)

CrVen—N (FHIATRY)

A=V h—A (HF)

F-Xy b b/ D-HZ727 h—2 (UF TF-F v b &0,
Roche / R-Biopharm)

212 #H#
HifREL N2k GRITRY), l, 1A s, AWEABm I,
EH I v 7 2, BAEKHL
TG R A HL OBER LS (L kb8 82.8 %, &1 17.2%)
ICP FABHERARE : BIERFLIZIE LT N U 7 A 5 %R UM L Y
TAL%ETIMLIZE D
F-% v N ABHERE /NN U 1 HE 30 % OFLEE 15 %% IS
MU= DWW T AR L & kE
30 %K UVELBE 15 % & Wi L7z b @
213 22
Myt A A5HH— U 2 TOYOPAK IC-SPM (BRY —)

22 EEBERUVAESRH
221 7Y IEBFNDIAENES (FT-IR)
JEE : NICOLET 6700 (Thermo SCIENTIFIC)
222 ICP ®&HHTEE (ICP-OES)
$iE . ICPS-8100 (B HLAUfERr)

’ Preparation by CA ‘ ’ Preparation by A |

' ! ' !

Dilution with 50 %
acetonitrile

' ! ' !

9mlL, add Y standard 9 mL, add Y standard 9 mL, add Y standard 9 mL, add Y standard
solution : 1 mL solution: 1 mL solution : 1 mL solution: 1 mL

' ' ! !

| Test solution for ICP measurement |

Dilution with water Through TP

‘ | Through TP ‘

Fig. 1 Flowchart of sample preparation for ICP measurement.

2.2.3 HPLC

ZEE : 1260 Infinity 11 (Agilent Technologies)

MR« R R

GBS T

D Asahipak NH2P-504E, 250 X 4.6 mm I.D., %7£% 5 pm (Shodex)

@ HILICpak VG-504E, 250 X 4.6 mm 1.D., %if% 5 pm (Shodex)

® XBridge BEH Amide, 150 X 4.6 mm I.D., $7£% 2.5 um (Waters)

@ RSpak DC-613, 150 X 6.0 mm I.D., %% 6 pm (Shodex)

® Shim-pack SCR-101C, 300 X 7.9mml.D., KifZ 10 um (3t

BUERT)

77 LO~UL, BUAKMERAEEH 7 v~ N 757 0 —51 5 5 (L
T IHILIC AT 4] 0o, BT 2OEFFHC (7 8T 5y &
W), BT @I, HILIC &EN R a il Gl 7 A

CrfA A :Na), I T LOIFBNLF22H T 2 (ki A A2 : Ca?)
Thd. oB, 77 2O0KV0@EFBIHECERSNLTWA DT A
ThD.

224 EHEIRSANER
E 0 V-660 (HAZE)
HER K : 340 nm

23 £ B
2.3.1 BizAEL FlowRE

BUTECHA L TW5, I 40 2 L EICE TR AIEL
B2 L O aRER L A et Lz,

=9, NEW, EHAROTIANEE 1g 2 =A7 T A2l
DELD, 50%=% / —/LKIEIR, 70%T % / —/LIKERIR X% 50 %
7 b=k ULKEES 10mL 2%, 50 °C OIEWR+ T 30 43
BLoL, TOABRERESE, BEWHOEAEEOREL
FT-IRICE VR LTz, &7z, SRR I V27, BEEHI v 7 28
FBORET2EL B 19120 T50%T & b= b U L/KERHE 10
mL & HWCRERICEME L, ZREWh DT X EDOFEL FT-IR
WX R L7z,

232 BHEAF O DOREDHER

ICP ARt K ORI S ORPBEFH L 2DV C, BYTIER O
231 TRE LTEBRIZAE LS Fl A Lok BIBEIC KRR L 72
FRBHRTE - O MEREEE A T L RS D ZE T DN A A S — b
U v PORMBEHERT B 72, Fig. LIHE > TRUBHRIE 2 R L,
ICP-OES % FAV N CTHERERS 1 Ao DIREE A JIE L7z,

Table 1  Analytical method and equipment used in this study.

Name Abbreviation
Current analytical method (N0.108) CA
Improved analytical method 1A
Cation exchange cartridge TP

(TOYOPAK IC-SP M)

728, AWFZECTITEEOMEIE 1 mL (2% U CRiA A v 25#h
—FU UL AREFH L.
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X K ONF A2 B %, Table 1123 (2.3.4 DR FELUNIC
BWTHEL.).
2321 BITEICK AR

ICP JHHHERE 10 g 2 100 ML FEA AT T A2 |Z&VERY, B
TEC X VR Lk c >0 T, JIETHEORRED 2.3.2.3 Tl
B2 iR BRI O TTRIE & RIS/ 5 X 5 ITKTHINL
TR B OB A A ARl — b o DIl LR L, =
NHEEFNTNRALD =M 75 A3 ZIEMIC 9mL Y, RWT
A v MU LSRR NEETE R & U CIEREIC 1 mL iz IRFIL
b D%, ICP MR L Lz (Fig. 1).

WPERRMIC OV T ORI L. 2oL &, RURRERE
TR 12g & L7z
2322 HBEICK DR

ICP AR5 g 2 50 ML AA AT T AZEVERY, W
BT X VIR LRI oW T, ETTRE O 2.3.2.3 THHAL
T OB AR OTCHRIRE L FREIC/R 5 L 512 50 %7 & k
= N U NVIKEER TR LTI O\ A A 28— R U » VI
WU EHE L, ChbaEnTniicns A7 7 A2k
FEIZOMLIERY ,, IRWTA » MU & AFEYERR A IEMEC 1 mL 1R IR
MLlebo%, ICP Ak E Lz (Fig. 1).

OBEFARLIC OV T ORISR Lz, oL &, R
K129 & L7,
2323 BERABREORN

T U U LERERR, Y U LMERER, vy SMERER, iR
FEAERE J OV ) 7 MEAERE 10 mL $°2 % [F/—0 100 mL & A A 7
T A ZIEREICE -7, COBEMERGRE 2 AHE L, BUTER
KT, REAITE =M I AV TERLE. ZNHEZENE
NHRRD=A7 T ATEMC 9mL B, K\ TA v hY DA
TRV 2 IEREIC LmL I BRI L7e b 0%, ERARIK E L.

233 MBEOMBFHERUNIZENEDRKRE

TR AT DR OBNLTAIHTT T D OMNHEIE O 535723 FTREZR
HTRELT, T/ A7 KUNOH~ D HILIC 77 ARTHIRE
T3, ZOX IR HILICH T 2AO—FETH BB T LO~DIC
BT, LIBELROIBECH L, OFrEEREHIE EN V1D 2
LDBNSRESHE, FHE, EIEFENL VLY bR ERIT
FIREZRIREE, FE N OBEIE OS2t Lz, IRGE L7 orBiEsk
2 AW CERE Z2NIEEE 2t L. £72, 17 20400
BT H B 7R PR EM E At LTz,

7E, TIJHhTLTHLEHNTLON, RRO &0 IETHEY
ELRBHRIK O HTIZITHE S 22072, IR OFEERIER O
234 T8I 22 IO BHEERUEHIIE Loz, E Tz,
INER KOs F1 AR & AW TSGR DWW TiE, L xR %
WML CRBRLTZ. 7T 20 L X BECILBES 0 ZEO M HSy
HEAARF43TH D7, 2.3.4 OFMEIGREBRICE W CITemils
AW OWE I TO T, £z, INEREROY B AIEE H
WIBHEERREHT DWW TIE, L 2B R ORI ARSI 37, (@
BN 2 A L CHIlE L 7e.

WM B OFEME LT, v =Fr—J, <LF h—L, Tt
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Fexo 7 8K, XeF Y bY b=, TrayIiy
WESE, Z7F b=, VT =X, TITZV ki, 7
Ve, MU AFr— LTy, AYVEY R b—J, N-T
vFALTvaI, Trva—R, Uy, FU h—)L,
DV ku— LR, V=l h— AR LT,

2.3.4 FmEUREER
L EBEROFLBEC DWT, /IR, 2L O 1 A g% A
TR 2 ERL L, WRINEGRBR 1T - 72
FAH W HREFR 4 Table 212, ERR L 728430l 2 Table 3 12
R

Table2 Samples used in this study.

Name Abbreviation
Flour FL
Whole milk powder WMP
Cocoa butter CB

2.3.4.1 BITEIZE B L & HEORMEUGLER

BUTEICEEHOH 21 7 2Q% HWT, BTETO L DR
I AR D 7.

100 ML A A7 5 A=|Z Table 3 OFWE A EVERY, BT
WCEDFARIL7 (n=3). 20L& ENIEEREIY, 10%/LE h—
NVKES TR A T, Table 3 1233 RISy & M P I C RN 2.
7o IR O L X BHREIZ05%E 5. Z ORiEEBATECHE
ENTZEMHTREL, BEUEERD. 2B, ghko LB 02
& O BRI BE Lie o7z

MR ARIR AR O LBV T L7z, Lrblg 2RV EY
7K 100 mL IZER L7k 15 mL, 25 mL %0040 mL &% h
TRERD50mMLAEA AT T A2 ZIEREIZTERL, RWNT10% Y
VB R LKA & IEREZ 25 mL Nz, KTERLEZ.

2342 WEREIZK B L & HEOFMEIRGER

17 LO~@F ANWT, WRIETOL XFOREILERE KD,

35 OFIEIZHE, K BEIBIC L AR ORIKZFR L. (n
=3). ZOLX, 50mLAEAARATTAZEY) MDHEWHEOEIT
Table 3 (TR &30 & L, 3.3 (ZEH LTV PEEHEWE O KIS
% VT, Table 3 IR TIRINE D 2 RIEHIC EMICINZ 72, L
I HEZ Lg BN L 7= BBt OBIR T O U X BRI 1%L 72 5.
Z ORIk % 3.3 IZFEAO S THIE LT L X HEDEIERE R,
2341 CROTBATETOERMLE & L L7z,

H17 2OIZOWTIE, RBRRO &3 0 2MFLE AV 7o
WELZh otz BT 2@OIZOWNTIERA A 22 Nat DB 42
B 7 L THY, C&EERT DHEMILE RO ORIE
WZIFARR O & B0 I 20 oW, SRIKIC X AR L7 i S
DIZBEA A o2 — B U DIl LIRSV CHIE Lz,
BT AOIZONWTIANRD &Y, L X PEOHERIM L Tk %
PR UIE L.

ERARREROEBVRR L. LiE35g5REVEY,
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Table 3  Simulated samples for HPLC measurement used in this study (n = 3).

Method  Column Simulated samples for HPLC measurement Added component (g) Internal
FL WMP CB Sucrose Lactose standard (g)
CA @ FL (Sucrose 30 % added) 1.16 - - 05 - 0.5
CB (Sucrose 30 % added) - - 1.16 0.5 - 0.5
1A ® FL (Sucrose 30 % added) 2.33 - - 1 - 1
CB (Sucrose 30 % added) - - 2.33 1 - 1
@ FL (Sucrose 30 % and lactose 15 % added) 1.83 - - 1 0.5 1
FL (Sucrose 30 % and lactose 15 % added) 0.916 - - 0.5 0.25 0.5
WMP (Sucrose 50 % added) - 05 - 0.5 - 0.5
WMP (Sucrose 50 % added) - 0.25 - 0.25 - 0.5
CB (Sucrose 30 % and lactose 15 % added) - - 1.83 1 0.5 1
CB (Sucrose 30 % and lactose 15 % added) - - 0.916 0.5 0.25 0.5
©) FL (Sucrose 30 % and lactose 15 % added) 0.916 - - 0.5 0.25 05
WMP (Sucrose 50 % added) - 0.5 - 0.5 - 05
CB (Sucrose 30 % and lactose 15 % added) - - 0.916 0.5 0.25 05
@ FL (Sucrose 30 % and lactose 15 % added) 1.83 - - 1 0.5 1
FL (Sucrose 30 % and lactose 15 % added) 0.916 - - 0.5 0.25 0.5
FL (Sucrose 30 % and lactose 15 % added) 0.458 - - 0.25 0.125 0.25
FL (Sucrose 30 % and lactose 15 % added) + TP 1.83 - - 1 0.5 1
WMP (Sucrose 50 % added) + TP - 0.5 - 0.5 - 0.5
CB (Sucrose 30 % and lactose 15 % added) - - 1.83 1 0.5 1
® FL (Sucrose 30 % added) 1.16 - - 0.5 - 0.5
FL (Lactose 15 % added) 1.416 - - - 0.25 05
CB (Sucrose 30 % added) - - 1.16 0.5 - 05
CB (Lactose 15 % added) - - 1.416 - 0.25 0.5

KT 50 mLICER LR D 5 mL, 10 mL %1020 mL & <2
RS 100mL B A AT T A2 ZEMIZSTER L, RWT 3.3 127
i LW AT HEM L D 10 %K NI & IEREZ 10mL X 7=, 715
L2O~@ZMHHAT 2B AITKERAFTRE0mL & 725 K HkE
M F=OHTE = NI AVTERL, 77 L0587 5561
KTERL.
2343 BAAURBA— MY Y DICKBENEADEZEDT
Wit A 25 ad— b U DI X B AR~ DB E1T 5
7o, T @B H/NERE AV EREAEHI W T, B
A F o — b v Pk LI BIE LR L (Table3), HIEL
7-.
2.3.4.4 BRITEIZEL HEFED RMEUGLER
FLBEDEBSHTOHITIEE LT, F-% vy M MWEBEREIC L
D, HAFEOENIEA KD

F-% v NAFERES 49 22NN 100mLEA AT T A2
BYOERY, %y FOBEMAFENTIR L (h=3). 2ok
&, IINERE RO EEEENIBR - AUEL &, B AEE AW
BHEEHIMNE 21T o725 2 TR U7z, Wik O FLAERZ 1% 0.6
mg/mL &78%.

MREMARIKEZRO L BRI Lz, 075 g 2=V By,
K TEOMLIZER L7 2mL, 3mL, 4mL, 5mL &6 mL
HENFNRRD 100 ML BA AT T A ZIEMIZHTRL, KT
ERLT.

NS OFFEEREHRIK R ORERARIKICOWT, %y b
BRI ECHE Y, SN CHIE L, LB EIEE
HIROT-.

2.3.45 WRZEIZ&L BEEEDRMEUGLER

7 L@~@% AT, WRIETOHAFEDENRE RO

35 OFNEICHEYY, WRIEIC L HHEERBORIKREZ R L7 (n
=3). TOLX, 50mLAART T ATEY RAHEWEDREIL
Table 3 12" &30 & L, 3.3 ITFLHE LTV D NEHEYE DOKEE
A FIVT, Table 3 1SR IRINESS & ik HICIEMEICIN % 72, %
P4 0.5 g USIN L 72 g alet O R P O LR 1L 05 %k 72 5.
Z O E 3.3 ICFHEHO S THIE L CHBEOEIREZ R,
2344 TFXy MERAWTRDZEIE L g LTz,

AT L@IZHOW T LW RIEORIRITNZ, 2.3.4.3 LFEFIC
BpA Ao i — R v Uk LT RIR AR LIIE Lz, 7,
717 D@DV TUIRTRD &Y, FLFEO %2 TN L TRz i#
WLRPE LT,
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MR AR AR D LBV R L7z, b 175 g 2 BV Iy
KT 50 mLIZERLZEIED 5 mL, 10 mL X020 mL 22
E72 5 100mML FEA AT T A2 ZEMEISTELL, RUWT 3.3 125
LW D AT L D 10 %K BN & IEREZ 10mL IR 7=, 715
L2O~@EMAT HHEIIKENEFH TR E0mML & 725 X 9k%E
Mx7=obH7E h=RNINLVTEXEL, BT 20%EHTIEHEIE
KTERL.

235 HERZEDRE
231, 232 KO 2.34 OFERNOBRERNHWTL, FHROHT
TRl R 2 P LTe.

3. FERMLUHBLE

31 BfEzAIECHORKRE
INERTOWTIE, 50 %K N 70% T F ) — /L /KR & LTz
LA BRI A EORI (72 R 1 @ 1650 cm? {1,
72 R : 1550 cmr (53 @ 48) 28380 BAL=As, 50%7 & b=k
U VKR A Al U 7235 A 3B RIS e A B oRILIE &
N ERBD LN -T2, AT HOVTE, WITNOKERKZE
A LESHA THLEEY IS AEEOWIIRD ShT, &6
WZHEE DI (= A2 T V4K A D C=0 iEHRS) : 1750 cm {11, =
2T VFES D C-O MfEIRE) : 1100~1200 cm 155 9) 38 HiL
o To. HHAARIZ OV T, 50%T ¥ ) — LRI & OV 50 %
7 b= b UILKEE A U235 A R IS ORI
RN, LA IS, HEAI v 7 2B EOKE
T2 AN LEIZONT Y, 50%7 & b=k U LKIEIR AR L-5
HIIFERE TN E B ORIUIRRD it nsoTz.
PUEDOFERNG, WTNoOERS 50%7T & =k U KB
T2 Z LRV XK EOBRENFRETHY, SOICEE
DFRELARETH D Z & PR S,

3.2 EHBA A DBREDEDR

Table 4  Concentration of inorganic cations. (mg / kg)

Simulated sample for ICP measurement Sugar preparation

Analytical method

CA CA IA IA CA CA IA 1A

+TP +TP +TP +TP
Na | 22565 1,020 14818 20 | 61831 2407 7927 12
K 100 02 12478 20

Ca | 378,443 500 1,970 2

Zn
Ba

5,019 20
68,254 110

64,819 83
1,992 166

2.3.2 lZHEV, ICP-OES % VN TS A 4> DR EE 2 HIE L7

fER % Table4 \ZRd. JREEIE,
FE (BN :mg/kg) & L7

BRIEICLDY

BRRHRIRUR I K # SC R OB
AL L7 i
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55 60 7

DOV, BFATETHH L TWABERZ AL Al V72202 bl
A8 U BRI ENT, S BITHA AR — 1) v VI
WY Z & T, AEHRIE T OIS A A4 2 KBRS 5 2 &
MNA[RETH o7

33 BHEONEHEHRUNZEYEORKRE

2.3.3 THAT LIZRER, 71T A2 & ISHEU AR5 Bt R O HE
WEIZRD LB Lirote. 717 2O~®% AV CHIE LIk,
BET = — VI O HE B O IR F5 e[ 2 Table5 12, 2027 =
~ h7'F A% Fig. 2~Fig. 6 1277

YA NG
BEMH . 7 b7k =80/209
#17 LEJE 50 °C
i : 1.0 mL/ min
PR : %) b—L
VA NG)!
BEMWH: 72 h=hUL/ TN S AZ =K
=43/43/81/6
717 HNREE ;60 °C
i : 1.0 mL/ min
WIEHEYE . AV b b= I H Y Y h—b
YA NG
BEME: 7 b K =84/16 (K U =F /LT 2 1 0.05 %R0
#1T LRJE : 85°C
B : 1.0 mL/ min
WEEEME : 2 ) b= CRIEZ S L22WERITRS.) X
37 7Y =2 (RFFEEEH LRWEEICRS.)
7 L@
BEpH : 7 b= UL/ TN/ JK =24/56/20
(MY =F /L7 2 0.05 %N
717 NREE ;80 °C
FEE 1.0 mL/ min
PAHEME : U b—b (R ER LRWHEEICRS.) X
X7 7 F h—
VNG
BEhfe : K
717 NREE ;85 °C
B ;0.7 mL/ min
PESHEMIE : 30 h—b (YLE h—LZ2EH LRWEEIT
R5.) X7 V+kY
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4 5 6 7 8 9 10
Retention time (min)
Fig.2  Chromatogram of sugar, sugar alcohol and internal standard

with a column(.
A: Xylitol, B: Sorbitol, C: Sucrose

C

A
B F .
8 10 12 14 16 18 20

Retention time (min)

Fig.6  Chromatogram of sugars, sugar alcohol and internal standard
with a column®.
A: Sucrose, B: Maltose, C: Lactose, D: Glucose, E: Fructose,
F: Glycerol, G: Xylitol, H: Sorbitol

Table 5 Retention time of sugars, sugar alcohol and internal standard. (min)

- L = /\ 20/\‘ HAzs

Retention time (min)

o]
-
o

Fig.3  Chromatogram of sugars, sugar alcohol and internal standard
with a column@®).
A Pentaerythritol, B: meso-Erythritol, C: Fructose, D: Sorbitol,
E: Glucose, F: Sucrose, G: Lactose, H: Maltose

A
BC

Column
) ) ® @ ®

Sugars Fructose - 7.610 3.900 7.093 12305
and Sorbitol 5523 9.131 4361 8.688 20.028
sugar Glucose - 10.461  5.057 8.219 9.669
alcohol Sucrose 8163 17.657 7.812 11391 8.013
Lactose - 21233 11815 17.661 8.357
Maltose - 24063 10.170 14593 8.101
Internal Xylitol 4.948 - 3592  7.018 19.508

standard  meso-Erythritol - 5.641 - - -

Pentaerythritol - 4.913 - - -

Lactulose - - 9.595 - -

Lactitol - - - 21.788 -
Glycerol - - - - 14.869

e
o
e}
-
(=}
-
N

Retention time (min)

Fig.4  Chromatogram of sugars, sugar alcohol and internal standard
with a column®.
A: Xylitol, B: Fructose, C: Sorbitol, D: Glucose, E: Sucrose,
F: Lactulose, G: Maltose, H: Lactose

A
C D
B E
/\ K G H
6 8 10 12 14 16 18 20 2

Retention time (min)

Fig.5  Chromatogram of sugars, sugar alcohol and internal standard
with a column(@.
A: Xylitol, B: Fructose, C: Glucose, D: Sorbitol, E: Sucrose,
F: Maltose, G: Lactose, H: Lactitol

3.4  AINEYRERER

2.3.4 \ZREWESINENGER & b L 7= Bl ik TR % Table 6
12, LERIETORIE Table 7 127”7

L X BE, 2B S B12, FATHE TORILERITA 100~102 % & BA4TF
TR Lotz

B RIETORMAE AW IoBERE E LT, 249), LxhE30%
BEAT DB AR L~ o 2 IO TRIERIEER 1T - 72
LAY arERELTLED, ~FH U EORRE R
Epolele®w, LifRELZ&E LT (R4 L xiEsa %
50%& LC) RBRLT-.

Table 6 Results of the recovery rate of flour and cocoa butter (n = 3) by current
analytical method.

Sucrose Lactose

Recovery rate RSD Recovery rate RSD

(%) (%) (%) (%)
FL 100.56 0.37 101.80 058
CB 99.92 0.94 100.67 0.67
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Table 7 Results of the recovery rate of flour, whole milk powder and cocoa butter (n = 3) by improved analytical method. Sucrose was measured with a column O~®
and lactose was measured with a column @~®.

Sucrose Lactose
Column Internal standard Sample Concentration of test Recovery RSD t-test Concentration of test Recovery RSD t-test
solution (%) rate (%) (%) (p=0.05) solution (%) rate (%) (%) (p=0.05)
® Xylitol FL 1 100.57 0.14 0.99 - - - -
cB 1 100.30 0.24 0.25 - - - -
@) meso-Erythritol FL 1 98.00 0.61 0.088 0.5 91.91 0.62 0.0031
FL 0.5 100.48 1.85 0.94 0.25 100.48 1.29 0.17
WMP 0.5 97.06 1.24 - - - - -
WMP 0.25 101.05 0.85 - - - - -
cB 1 98.24 0.35 0.025 0.5 97.77 0.53 0.0084
cB 0.5 100.61 0.50 0.20 0.25 98.68 1.04 0.19
Pentaerythritol FL 0.5 100.85 1.42 0.79 0.25 97.53 1.01 0.033
WMP 0.25 101.85 1.64 - - - - -
cB 0.5 100.50 1.07 0.31 0.25 97.22 1.26 0.011
©) Xylitol FL 0.5 100.59 0.08 0.97 0.25 98.51 0.35 0.014
WMP 0.5 100.06 0.11 - - - - -
cB 0.5 100.13 0.15 0.56 0.25 100.15 0.59 0.12
Lactulose FL 0.5 98.23 0.11 0.087 0.25 96.21 0.33 0.0036
WMP 0.5 100.28 0.37 - - - - -
cB 0.5 100.37 0.11 0.28 0.25 100.34 0.53 0.22
@ Xylitol FL 1 99.97 0.12 0.44 0.5 95.02 0.50 0.000088
FL 0.5 100.20 0.14 0.62 0.25 98.06 113 0.00027
FL 0.25 99.86 0.62 0.36 0.125 98.80 1.83 0.044
FL 1(+TP) 126.81 0.39 0.0054 0.5 (+TP) 116.11 0.87 0.0057
FL 1 (+ TP, water 1 mL) 98.75 0.17 0.11 0.5 (+ TP, water 1 mL) 94.76 1.27 0.0042
FL 0.5 (+ TP, water 2 mL) 99.47 0.71 0.29 0.25 (+ TP, water 2 mL) 97.35 3.22 0.025
FL 0.5 (+ TP, water 3 mL) 98.80 1.19 0.13 0.25 (+ TP, water 3 mL) 96.83 1.80 0.0096
WMP 0.5(+TP) 118.51 0.91 - - - - -
CB 1 99.93 0.68 0.97 0.5 99.72 0.47 0.15
Lactitol FL 1 100.68 0.38 0.87 0.5 95.83 0.73 0.00025
FL 0.5 99.50 1.20 0.15 0.25 97.45 177 0.0029
FL 0.25 99.67 1.67 0.22 0.125 98.66 2.55 0.0064
FL 1(+TP) 112.01 1.46 0.018 0.5 (+TP) 102.43 1.32 0.50
FL 1 (+ TP, water 1 mL) 98.65 1.00 0.14 0.5 (+ TP, water 1 mL) 94.74 1.08 0.0011
FL 0.5 (+ TP, water 2 mL) 101.92 2.25 0.23 0.25 (+ TP, water 2 mL) 99.82 2.77 0.11
FL 0.5 (+ TP, water 3 mL) 103.14 3.68 0.0039 0.25 (+ TP, water 3 mL) 101.22 2.06 0.43
WMP 0.5(+TP) 109.24 1.86 - - - - -
CB 1 99.24 0.68 0.42 0.5 99.10 0.52 0.028
® Xylitol FL 0.5 103.44 0.19 0.045 0.25 103.17 0.24 0.018
cB 0.5 97.77 0.17 0.0085 0.25 97.89 0.26 0.014
Glycerol FL 0.5 104.75 0.09 0.025 0.25 104.06 0.11 0.020
CB 0.5 100.89 0.09 0.018 0.25 100.66 0.42 0.99
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BEIRIE 7 v~ N 757 4 — (HPLC) I XK DD ERSHTIEIC DN T

HAHITFETH S t BEICOWTIE, L oW TIEBHTE
THZ7 L2OQERANTHE LIERE, OV TERFy M
FACTHIE L72fE 8 & ORI T, 1ZHEKK 95 % TN L7-.

717 LAOTHE, HRETO L LHEOFRIERITA 100~101% L B
I7efE R L 70 0 tRRE AT o TofE R, A EMESEAN 0.05 % LAY,
AEATRO LN oT.

T LQTIE, WIEEWEIZAY =) Y M= EEH LS
B, ANER & TSR (MR O L X BERREE « 1%, FLBER
JE 2 05%) (ZOWTIE, FAEDBRIERITK 2% &K<, I A AHE
Z W BERR (IR O U X B AL - 1%, FLAFREL : 0.5%)
IZDOWTHE, L X AR OFLBEDORIERITN 98 % & ORISR &
20, ENENREEZIToIMEER, W LA EMEN 0.05 %
TV, AEESRO LN, 2HIle AV EEEE (B
DU LHHEE :05%) 122\ Th, L XBEOEIRAK 97% L <0
REER L 7otz 22T, WEHREBURZ TR LT
Mil7c&e ZAh, Wb RGTHEEDRWVIERL o722 &)
b, WRIETIIHRETO L 2 IERED 05% (A< HEEAH
T255A1E 0.25 %), IR 0.25 % & 725 & O ISR L%
15 DBRLEE L.

Fiz, [FH T LTHEEREIC~ 2 MY b= afEHL
79, L EBEICOWTIRRI R R E e o723, FPEIZ DN T
VEEMRRDIKY 97~98 % & KL, tIREEITo 2GR, BB
BRD Oz, ZDOZ e, BIRT 2 NEEEDE OE WO HAHIE
FERICHEEE 5 2 5 ReMEN B D78, IINENGEER 21T > T
TROWNIEEME 2 LICEESTIIATORWIE ) REE L g
Exons.

N7 L@DEFHNTHRBR Lz, A A2 — ) v U&kiEL
TR A TSRO (IR O U 2 WAL - 1%, FLAHR
J£:05%) 12815 L LR OSBRI QN A 4 28 — b
U v Ukl LTzl e TR (BRI o L X BEiRE
0.5%) (28115 L X FEDEITEAK 102 %~127 % &, 100 %%
RELHBL, tREZIToMER, 1FEALLEOEETHEEN
RO LN, ZHUIGA A — MY v UEBLIERC, &
BERG A A2 7200 T < BRSSPV YEM L & A5 L XUTRFF ST
WA ZENEERFNEEZEZDND. £ 2T, Fig. 7 I126E->TH
WERMLUCEL, TNENERERERDI-EZH, BIAD
BT 2 & T L LR OFLEE ORISR 23 8e3E S D AE M 75
REN, tREEIT IR, Ui o TilgE v EDfs
THEBEEITIRD N2 ->T-. LL, AP OWTITEEEN
BOSNELOLBAENZZ LITNZ, KE@ET I & THE
WRZEDEINT 2 EM AR S h iz,

B F AT 5 D TH DT 2O ANTRR L, tIREETT-
TR LA LD AE THBENED L. ZOFKE LT,
WRETHREZAESHIE LTHERA LTS 7 b= ) LD E—
IR a~ N7TARIZRELEND D 2, BIRLUIZNIEHEDH
DOE—7 LHEL D2 EBNEZLNS (Fig. 8). ZDkw,
BRI AL Bl BT HLERSH 5.

Extract of sugar Extract of sugar
( concentration of sucrose : 1% ) ( concentration of sucrose : 0.5 %)

( concentration of lactose: 0.5% ) ( concentration of lactose: 0.25% )

! l l

| Through TP : pass 1 mL ‘ | Through TP : pass 1 mL | | Through TP : pass 1 mL
Y A A 4
Passed Passed Passed
solution solution solution
\J A y

Through the
same TP : pass

Through the
same TP : pass

Through the
same TP : pass

water 1 mL water 2 mL water 3 mL
Passed Passed Passed
solution solution solution

1 1

v A 4 v

‘ Test solution for HPLC measurement ‘

Fig. 7 Flowchart of sample preparation with a cation exchange cartridge.

Acetonitrile

<

A
(Internal standard) (Internal standard)
BA /\C
8 10 12 14 16 18 20 22

Retention time (min)

Fig. 8 Chromatogram of cocoa butter added sucrose, glycerol and xylitol with a
column®.
A: Sucrose, B: Glycerol, C: Xylitol
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35 WRIEDRE

3.1, 32 KU 34 DFERMND, HILIC I T L EFAT 85508
RIETORBFRMZ KO LB IRE LTz

FP, LIFRENS L% LA B2 EH T 5541205%)
ERD IO, BEE BOmML BARTZ T RAZEVEY, K 20
mL Z %, st s, Blizataeichbiud, ~x9
20 mL ZNAT 10 < IRE 5 Lictk, LIEB<EEL,
AFYUBEFRA Sy NMETRE L. ZO8EE 2 [BfT572.
BT, AK10mL A%, 50°C DIRBTH T30 /MRS 5 Li=d
H, 5% (AIzAEKEEERT 25E1E 25%) PIEEEIKEE
R 10mL & EfgICl %, KCTER LK. ZOWIK 25 mL % 50 mL
RAATZZAIZY, T =R INLEMZTER L. 2D
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WAL 045 um DA L T L T A L Z—TAB LTS DER
BHRIR & L7z, IR o L X HREIZ05% (A-AX<BE2ef
T55E1£025%) L7esh. PLEOEBRTFIEE Fig. 9 1ICRT.

| Sampling in 50 mL volumetric flask |

|

| Water : 20 mL |

Necessity of fat
removal

No Hexane : 20 mL, Shake for 10 minutes, and
remove hexane. Repeat 2 times.

~

Y

| Water : 10 mL, shake for 30 minutes at 50°C |

|

| Internal standard : 10 mL, constantvolume with water |

|

| 25 mL in new 50 mL volumetric flask, constant volume with acetonitrile

|

| Filtering with a membrane filter of pore size 0.45 um |

|

| HPLC measurement with a HILIC column |

Fig. 9 Schematic diagram of improved analytical method.
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