A7ZA2a 10 ml IZ8]RY, 2%/ —%k
% TIEREI 10 ml & LAEMERERRK &
L7z, Z0# 1 ml ZIEREICRY, A&/
—/VEMZ CIEREIZ 10 ml & LAEHHERE
e L.

PERMEHERK 1 ml Z BRIV BO A
J—=IVEANTEART T A2 10 ml 128
v, RNT, BEEFELEYIRSITER
0, 50, 100, 200, 500, 1000 pl # FhEHh
EREIZERY, AF ) —NVEMXLTERIZ
10ml & L, RERAEHERRL Lz, 1§
7 bV U A 3g RUHIEEERRK 10 ml
B~y RAR—=ZANSAL T VZED, RNT
v A rav Y rURERLTRERAE
HEREEZ 2 lEAL, EBRT 70
—Mi&EEFZLEDORE, TAIF YT
TEHL, RERAFRLERE L.

C. RFER

WENRLE LEBREABIELED
(VOOIRA1ESERK 23 FD GCMS 7 a~
h/T L% Fig. 1IZRLEZ. 3B HETIC
ETOE—72RHTHIERTER. Z
D> mFVLURDL p-FULIUREYE
— 7 BHBEETRHEINE. Zhb6LEY
REEEDEDTARRS PAHERLEL
TBYHNBEETH 7. DD m-
¥VLUVERpFYbviimpF Ly
DEFEL L THEHLE. Zoio{bEa
EOWTIRBRFROBRERSF LN,
2) EINEURHER

By bF ¥RV VOC IREEHER %
10 ng/g XiZ 100 nglg AN LEIMEILER
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%17 -7 (Table 1) . 10 ng/g HmMITE
WTYZ7mana g2 ogmeE iR
130% %82 TRiiahie. X1,
F UL ICBWTEFEVEIER 2T
LR, T oS DILEWITOVTIT,
10 ng/g IMZ BT 7.1~10.9 ng/g, 100
nglg AN TIiX 69.7~114.0 nglg L MHh B
WEIRERG LA TEY, EBFREUT
10%LANTH Y, FITEELRIFTH o 7-.
3)ERBAELEIC L ART DM
EHDHHT

KEZAWTRERERBRT M DAR
UHBEERR T ) oL X W RELES
fTolk & EITAERT HHFRIERDIZ S
WT, ~y FRAA—2 GCMS (2 X Y 5547
Lt Rru< v7F 7% Fig2
IRUI BB E LT Y bR~ 2
W, HEEFRBE L LT 100 pg/ml DK
HHFABT M) U LABEER OCEERRT
MY O BT OWTIRERAEREDRKIRE
T 5 500 pg/ml WK% AV TRELHE
E{Tol.
- REERRT MY U LARBLEIZR WY
T, 13.6 D ORFFEHIZZ a RV LD
-SRI, EEEBT N Y
A X BRELBETIE, W OERMEL
BMHRES T, RELEA ORI &
kDI n~ b 78ELNT.
4) ERBELBIC L VAR T A HERAE
A OREFEAL

KEERHET b U LABKRRUEER
BT N DABRICA Y hX Yy XU %R
B3, £ T 5 HERERDERBEDRE

m,p-



BER A B 2 R A 7= (Fig. 3).

HERERDORRFEEZAET B
i, RECBRET 2RENERETILE
BH 5. KEKDOKEREETIE, RAED
BERREURFIIBWOTRESRGT, 7 X2
WEVEET NV ULAERRML, BREERY
SEEMRETIFERE LTV, BER
B M) ULITHT ORI HRZY, T A
al e rBIC X A EERRRER I
BT BHD, TAALE UERERNEOEE
FBATVORFOREEA A I a<
NPT T L D SAF LI & 25, EERE
D—ERHEETICEFT I EHNAL
Motz ZDid, TRaANE U BO
RERKL L TFAREBT NI ULZH
WCHEREERR L 2 A, FiBbE SR
BTIZFARRBRT NI DLERMTSHZ
ik, BmERRT N U LAORHEERE
WAL oo fe. T Dk, BER DR
REL LTFARET MY oLV,

WEEFBRT MY U LRI L Y RE
WE L7356, RELBER LY 7o R
IVABRER LAY, 20 51213 18.7 nglg
L2y, URBIZIE—EDEER L. — 4,
FIHREET MY U LABKIZ L ) RELE
LEBAiZrzaabrrazithe L
THM OARITIFBSON2hoTz. Fiz,
BREVBEROBRERICOWTHHIEL
LA,y MBEEPDI aaRVAER
B REROEEEZ TR L.
5) HBRRELOBREIL X D HERERD
ARREDREL

REHERSBT N U LABRRROEESR
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B R U D ABRICH v Y E 10
SHEBEIE, ERTHHERERYED
REZITo7-(Fig. 4. REHEKET Y
T ARHIZ & D RELBEITS5E, 7
o o RV AEREITIRERFAOCHEML,
500 pg/ml REHEREEFRMIZI VT 59
nglg N7 aaRVABER L. Zhi
* L, BERET MY oA KV RELE
BT BEIL, REREILLO T 70
RV AITERTREUT ChH- 7. RE
MRS D BHEIRIC OV T S, RO EE %
L.
6 ) MERER~D I = VEERINC X 5 1H
BaIERHEDOEL

KEEREET MY U ATEEEORE
THHH, BHEANZBS W TRE B E T
o, RERIZ 7 T UBERRIMLTRED
BE2EODFERENIHZENH B 1. L,
FHFBT P vLL, SKHAERED
BAFE LTERATIHEIE, 7B
EoRLFMDAOEFEREBRERML TE
BEITHY Z&MNHD 189, FZ CTRIER
B b)Y U LABRRUVERERT D
LAEWRIZ 7 = VB ERFI L TRER %
BIL, AT 2 HERIERY B2 RRFRYIC
F~7 (Fig. 5). JE®KO pH 13, ek
DOBERMEL 2D LD ICRE L. RER
FEET MY DA 7T UBRIBE T, A
BELD 7 uaR L A0ERBERSH
oM, BEEBST Y UL 7 T UBRIRK
Tit, f L L 23 BOERM LAY O
AERIIROLNRDoT.



D. B8
1) ~y RA~_—2 GC/MS ik dh
v MRS OHEFE|ERY DITIE
DERET
Hy NEFERICEENIEREMEYOD
D EITo7=. FR 16 FEDOELFHF
FHETIX, Z7A5E LT AQUATIC
(60m X 0.25mmI.D. BEE 1.0pm) % A
TREREMCEDDOIIT ORI ZIT > 123,
TDLE 122V7unx Ll RyEy
DE— I BHBELd ol §E, #T A
% AQUATIC-2 KEEL/-LZ A, 1,2
VrunxF o lRUE VDSBS
AR L 72T, Eio, TANEMRERIZ ISV
T uana X F 0 10nglg HMCHKIT S
BURFEH 130% Z B2 TRIBINENR, Z
NITERENEROIFELRBFRRE L HE S
. ZokEHTraa 2 ZBLTIT
ERTRES 30ng/g & L1z, ok, 7/ m
gL EE T, TOMOERELEYO
REBREIXRFTHY, 1 nglg LLEDE
BEZRBWTERSTMNAETH -T2,
mp-F L IZBELTiL, 10nglg B
100ng/g WMDOWTFTHOBEIZBWVTYH
EFEOCERER LR LS, EETRIE
UEDEBEIZSNT mp-F UL rOER
TR INTEOT, AR~ DOERIT 2
Hol.
2) HERIERYOERICBEETHREF
%; &5
71y NEEORBELBIZE b2 D HE
BIERBDERIZONWTHRBET A, &
B OEMRFRICIREZEE L, HEE
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ERPERBOELE T~

REHEFHET MY VALV RELE
LB, BRE R & OB RIR A
IS TZ aa i ADERENHEML
703, BRI T MY U AL L HRELE
TiL, 7 B a L hile ¥ OBRRERME
BMIBRHEN -1 SRLIIEE %
REEFRBT M) U LAROHEERBRTS b
U U AR CIRELB LT, BERSET
YDA X ARELETIIZ mafL
LABER LN EERELTWEN, B
Bl D F Ry EaliT T ERE
ERISFEICEEN2ERABTEREIC
WTH THM ZARLZ2WZ EMRAE LM
Lipodo. HEERT MY UL, KEE
FBT M VADLICREERLAL
RN EH, THM i EOEHEBIERD
EERLBRWVERLEZOND.

4, TEFNVEROHBMAICE Y E
WEBET MY U LBRRETAR L TWS 2,
ERITITAGE A E AV TRET 5720, Kk
EKRBROBREBEZENFELTND. D
e, EERET MY U AT K AL
BRBWTHEBED THM BREh
BEREMEIXH B 03, KRBT MY U AR
THM 4REERH LTV e w, KiEK
> THM BEZEZ TRIHESh 578
Hixhnbo L FEINS.
3)BMEFETIERITIZ 7 na /L AOER

BERNC 7 = VBRERMLIC L & DH
BRIERHBOWB LA IREERER
TR DA T VBERMLERE, B
BEES 7 7 o RV A DEESHEN LIS,



FRFEBRT MY VA OWTIE, 72 U8
BFIZE D7 mafR)V AOAERITHERT
Exhot.

IOESCREHEFRT NI UALE
WERBRT NI OLIEY, Z7aafRiban
AERRICENE L 501, BBERET IR
HIEEEOFEEMEDOEZEVHKEREEX
L. KEEREFERT MY U ATEEESRN
TIRBWTHER L ERET 523, EEREST
MY DA ZEMEER L LTHEELTY
5. WTFhLBENEREL TS0, 7
TBRD 3 LDKBREEZBILLTTE b
VIUANKRUBBER LTS & FHRX
nas.

L2 L, 5l&EWT, REEFEERT LY
AL, R ETICEWTHERERLE LT
BE, 7TE MO PHINARUBRIIH L THESE
MRS ERZ LT AaTE iy,
BRREIC 7 aa RV AZAERT B0, R
FEET MY UL, ZBUERE LTHEE
LTWa 72, BERAMEISIIETET,
TE M THVEVBTRIGHELT S
e, 7aaRVhEBELholobE L
biLa. A

CORIICHEERRT NI VARV A
U3 ZBLERITERAMSCIIEE
Lz, SExtg & LR RERM
B8 OHRIELT, "aTE = MY LR
N EiERA Y, MOERRIEERIERDIC
DWTHERT B FTREHITENEEZE 2 S
na. 2L, —FHFRBWTZBLERIT
BB TE Y, AEKD B LER
HEICLD, TATE FESARBRR LD
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HERRDOHEINERDEERTHED
BELHD 9. 5%, ZhokEmico
WTHREZED TV FETHS.

By NBEREREERERZET MY U A
X VRELE LB E1iE THM MBER
T50, EERET MY VAL BREL
HTIX THM ZAERLARWZ EBHAL D
Lpote. THM OERBIZOWTODRE %

e, BEERERT Y U ARKEERES
TR DALEEAERTWD LEZ DN
5. RER L LTOPRLEEZEZI5HE,

 REERET YU AREREELHD,

BRICE CBRIRBEEND. 22, &
LRERHT, BRILANEMI R K AR
BHOMEDFHRELHILETSH ETX
NTZEDTERVWEERBREEREL
TW5. 5% L bAENRHY X7 2+5
WCERB L ETOFEHY R 7 FMmMB L
BELEzbh5.
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I 221SB
LA
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Retention time (min)
Fig. 1. ERMHABLEMREZERD GCMS 7a< 77 A
1:  1,1-Dichloroethen, 2: Dichloromethane, 3: trans-1,2-Dichloroethylene,
4: c¢-1,2-Dichloroethylene, 5: Chloroform, 6: 1,1,1-Trichloroethane, 7: Carbon
Tetrachloride, 8: Benzene, 9: 1;2-Dichloroethane, 10: Trichloroethene, 11:
1,2-Dichloropropane, 12: Bromodichloromethane, 13: ¢-1,3-Dichloropropene, 14: Toluene,
15 t-1,3-Dichloropropene, 16: 1,1,2-Trichloroethane, 17: Tetrachloroethylene, 18:
Dibromochloromethane, 19: m-Xylene, 20: p-Xylene, 21: o-Xylene, 22: Bromoform, 23:

p-dichlorobenzene, IS.A: Fluorobenzene, IS.B: 4-Bromofluorobenzene
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ISA B
ISB
10 15 20 25 30 35 40
b)
SA
ISB
A A, l —
10 15 20 25 30 35 40
c) Chloroform
ISA
I I ISB
PN N
10 15 20 25 30 35 40
Retention time (min)

Fig. 2. BRELE LY v NBED GCMS 2 u~ b 7T A
AFRELERIDO D v N, DEEEERT N ALV BELEROD v N
¥, ORFEHFERT M) VAL VBELBEEROD Y X
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_*

~®-Sodium hypochlorite
=C=Sodium chlorite

40 60
Time (min)

b)
15 ¢
| -1
g’ 10
b
P =@=Sodium hypochlorite
lé 5 ~¢=Sodium chlorite
0 . +

40 60
Time (min)

Fig. 3. BBELBIZ LB H v MNEEPD I v am LV AERBEORREE/L

a) by FEEFD 7 ootV LAEOREEL, b) RELBZOBEKRYD
7 aa kL AEOREE
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) 60 OSodium chlorite
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=
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80 r
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o
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LE
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%,; d

g =@=Sodium hypochlorite

%2 ] «O=Sodium chlorite

0 - <
16 24

Time (h)

Fig. 5. REE~D I = VBIRFIC L 57 na RV A ERBOHD
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Table 1. #ANERERER

No. Compounds Amount of added VOCs
10ng/g 100ng/g
E#)(ng/g)* CV(%) EH(nglg) CV(%)
1. 1.1-Dichloroethylene 10.9 2.3 114.0 0.9
2. Dichloromethane 13.3 7.0 103.7 5.2
3. t-1,2-Dichloroethylene 10.5 1.3 106.2 0.4
4, c-1,2-Dichloroethylene 10.6 3.7 99.6 2.7
5. Chloroform 10.9 2.7 98.6 2.4
6. 1,1,1,-Trichloroethane 9.7 3.2 103.7 2.6
7. Carbon Tetrachloride 9.3 7.2 99.8 4.2
8. 1,2-Dichloeoethane 9.9 7.3 95.4 7.3
9. Benzene 10.2 0.9 101.4 09
10. Trichloroethylene 9.4 2.5 95.9 2.2
11. 1,2-Dichloropropane 9.6 3.1 92.9 34
12. Bromodichloromethane 9.3 4.7 89.5 4.6
13. c¢-1,3-Dichloropropene 7.1 8.3 69.7 7.1
14. Toluene 8.9 1.6 89.1 2.1
15. t-1,3-Dichloropropene 9.0 7.3 82.0 6.4
16. 1,1,2-Trichloroethane 9.3 6.9 86.0 7.2
17. Tetrachloroethyhlene 7.7 9.9 78.8 7.5
18. Dibiromochloromethane 9.0 6.7 82.4 6.2
19+20. m,p-Xylene 7.0 7.3 70.5 5.3
21. o-Xylene 6.8 4.8 65.3 4.0
22. Bromoform 89 6.0 76.5 7.1
23. p-Dichlorobenzene 7.4 3.3 70.4 2.0
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BEAEZEHRFHARENE (RRPIAERERHIEENLEE)
EEREMBREEE X RN ORE,. EEOR EICET 5RERR
ik 19 EESEMAREE

BALBMH BBV SRR~ RIS TR BT 5%
INEVBRY VAT A v ODRIGERYDOEERE

HHEFRE BHEBR REILKFRFRER

BhBrRE

M B BEREAY VB AR TR

& FA| KERRFRERLFEMERMMBZ s 74 THEE ¥ —

MRAEE

BLOWREIO T CRRINZRETORMP A, FBBEBOKL REFEOPFTED L
SIREBTENEEATIZ LT, RHOREULHELHO S LTRO TEEREWR
ThHd, BIFEEETO [RAPORLTMYOFLRIRBIZRIT S HEERRAE] LW O BRE
MEEFEITE2H T, BREERINEZESENDORBEBREICK T SHEREERELA
NTYIalb—yarTB3HEERFL, HROBBIZOWTOFLIANLOHERAL
RATE =, SE. BRREBMHO Y/ NVEVBERHFEMO—DL LTVRTA U EDK
ISERM OBERENEITTE 2, TOMENOMEREREET. [REFINY1EY
HLE RS RE~RISTREBICET 2R ORE - BRIET VTN ES ),

A. BIZEHRY
BETNDIIRESPORER SRS L 18
BEEALEOBEZRETIZ L b, HEE
FRRIZELH D, EERETPNDITE
FER LI ADELERN THRA RIS &
ITESEBEAEE LTS, BiELER
R RE~RITTREBICET A ARR L, AT
EEFTOMREBRD2ITLZHLDELT,
TTICRE LEREHO—ETHL /M E
VERATF SOAET I VBED VAT A v
(BAT Cys) ORISHOHEER A LUG
BEAHATAZ L BRYFOHEDOEHT
H5,
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B. WF%EHk

1. iR

(1) SOA (SOA &£ SOA# Y v A) & Cys
(Cys fEBfHE R & Cys HERE) LD 4TED
HAETABRFP COZRKBICXLDHEEK
FAEZITRoTER.SOA & Cys BRI &
DAEDOFEIERT 2HEIBRREFHIC
BOLEECHMT S 2 EAROONE, 4
EERTOEEERPEEZHIRL NMR,
MS & THERET DI L AR,

(2) SOS & Cys m#E&EXZK 1 IR,
SOA 1Z/REH 6 O 2 MRS TH




D, ZD2EBEEIT N7V ABOEEEE
EROTES T Th Y LB ERIGHIC
B4, REEE LTOSBEERAD & i
KBWTHELARFEZNS,

H:=N-C-H

K 1N EVBELVARTA YV

2. RERUREEROFH

(1) HAE

SOA : FaYtpiF T4k, SOAK : okt
WERT %k, L-Cys HEME - 1 /K50 :
MP BIOMEDICALS. L-Cys #£BfiE £ .
MP BIOMEDICALS. £ % /— : fujtif
EIT% LCMS A. M) oAt aEme (B
T TFA) FntiE T X mEEGE s a< N
77 H

(2) RBIEROTR
SOA 500mg % 50% A ¥ ) — I KEK
WM ESE%. 50mL ICAAT v 7453

74

(10mg/mL : SOA Ri#X), SOAK 500mg
% 10% A 57 / — VKT IR S 7o k.
50mL 295 (10mg/mL : SOAK [RiX).,
CysifBSEE  500mg % FHRIZ 10% A ¥ /
—NVKEIRIC AR S 2%, 50mL 275

(10mg/mL : Cys WEEEEFK), Cys &
ERiE 1/kf¥ 500mg % 10% A ¥ J —)b
KBRICHEREE%, 50mL 233

(10mg/mL : Cys HEESHE 1 AKFIMERK).
SOA i 20mL & Cys ¥HEEHE 1 KFnR
#% 20mL & #{EBA L7 (% 5mgmL &%),
wmETD (% 5mg/mL aF).

3. amFE

SOA L CysiEEEtE ., 4 Smg/mL %2 &Tr 30%
AZ ) —VEIRERK 5 AMEIRREL = BK.
# 30mL 2BETEML. = EFVVRIER
UV RIRZFEERICA T O L ETHELE,
. BBEHEL AT AA L HP20 h T 5
(4.8cm ¢ X 10cm)Zi@L, 5l#EZ 1000mL @
KCIHBERDZEU., BEisfr1ELT, KIZ
£ 41000mL D 10%TF /— VB, 2065
J— VSR, 40% =& ) — VISR 100% =&
J—néxy /) —NE&E%E LT TEHL. Eh
FADELZIERES 2, 3. 4, 5&L7,

4. ¥E

(1) UV it EdmdERE s o< 7

77

Ot dk

cTVATH D ALY —
SP-120-5-0DS-BP (4. 6mmI. D. x5cm)
CGMAT A (GBRATVAT A

DAISOPAK



Fn Y B F Wakosil-II 5C18RS Prep
(20mmI. D. x5cm)
- BEIFE : 0. 1%TFA KK, A% /) —NiZ
X577 4 b
cTITATU MR AF =L 0%
—70% (25 43) —90% (5 43) —0% (V=
TIT774xLh)
UVEHE : BERS¥  UV-970
B & : 230nm
« 3 : 3mL/min.
- EAE:20ul

A5 ESEa)

* 45 B4 5 A : DAISOPAKSP-120-20-ODSA
(45mm ¢ X 15cm)

-BEIE:0.1%TFA ZZ Le7kBL T 90%AF /
—IVDEBRT TV NEH

- & :230nm

@Bkt (1)

* 4B AT A YMC-ODS S30/50 120A
(2cm ¢ X 22cm)

‘BEIH 1% EBRKBEIRB LU, 1 %E#%
Eie 10%AY /— VISR

(2) ERERitBiER
B4 85 NMR : Bruker #t. Avance DMX750
HKBE

(3) HENWERE
FT-ICR-MS:Bruker Daltonics £t apex-Qe
L IhaRT L —HFRIZE DA A ALz A
T s fERERIE
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(4) GC/MS %&E

+Agilent Technologies %t :6890N #{ GC+5975
I MS

« 7 HP5ms (30m X 0.25mm ¢ X 0.25pmd
f)

RBESRAM: 1 40°C (10 53 FRIRSF) 235 220CE T
70 5 COAIRL. 220°C T 30 fREF

‘EA DR 250°C

HARE:E4 1.0mL, AR RT Uy Rk
10:1.

C. TERRBLUESR
1.SOA & Cys & D ISHARY O HPLC
sua< b7 7 A

SOA & CysERE DR SR & ZIRMEETIZ
3 yAMKEBLEROI e~ N7 L%K
2. 7Y,

@M Gl Ha-E0

16347:23

K2. ZEiR. W3 » AMKRE LD
HPLC 7 u~< b7 5 A
RN 845 =270
REFRFHF 88 : B—7 @
RN 1844 - E—20



X 2. CTREAICHEMBRD S
ne—7s70, @, @izonT
SR ERAT,

2. HEHER Jolryies

i
3=

1
LI L I I |

|

éﬂiﬁ‘wHPLGw—x

I Néé'éU:‘f’ Iy ﬂw

B2 1R OES 21k = ERY
CEUSHBHET, ED201EHH
264135, B 23R UV fr4
R U fh &R 280nm £ i THLER
SNI=DIZxtL . B3 11 240nm
FHE TRIRASR TN T2 d Fré

'

Mo, By 1D=ERY VRS
BBRETEVATAERIZFE

DAL BLO T, Esy2n Fré

RO BN S TS LHEE

L, Bl 2hboHE S % .
T

HPLC (DAISOPAKSP-120-20-
ODSA AF L) T Z7V T MNE
HIL. BI% 212 R B4
FERTVWAILYL, RFFICHER
Lz,

5D HP20 HZ LI TRLNEES 22 EIC
ODS #ZA(YMC-ODS $30/50 120A)izT
1% BEBR /K A IR 2 TS BEIRIZ - VT4 EL , Frl
~Fr7 %, IRIZEBERE 1% EBEL 210 10%A

Z/—NVEBEHRICEREL, 5|HEE 5 Fre~Frll
277, TRENDESIE HPLC IZ TR
FEWERLILTA, By Fra~FrT (A4
HRLEbhst—7 (K3) BEELEED
INBDEFIZOWNWT, ETIZEENDSE I

SR TETUIVRWER TIZH D8,

GRS NMR 20T ERT 2R
N

it 1 1t

i
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X3. B4y 20445y Fra~Fr7® HPLC Za<hs S A

3. T

FRATOFER. Frd O RO Fré IZ& Eh
HEERDITIIEE EFORUANE/{Sh
7o BT, KBRS D D720 Fra 122
VT, COSY. TOCSY. NOESY, ROESY ,
HSQC. HMBC ? 2 RItRIEREREFEAITR
L., Fz, FT-ICR-MS %A\ - o fRRER
EDRERbBEEL T, MR CH,N,O;S,
THEENR (1) ThHHLHEELT=,

IORRLBEEL TR IS ENAEMHD
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Abstract

Guidelines for the oxyethylene group (EO) content of polysorbates are set by the Food and Agriculture Organization/World
Health Organization Joint Expert Committee on Food Additives. However, the classical titration method for EO
determination is difficult and time-consuming. Here, we show that quantitative 'H-nuclear magnetic resonance
spectroscopy can determine the EO contents of polysorbates rapidly and simply. The EO signals were identified through
comparisons with sorbitan monolaurate and poly(ethylene glycol) distearate. Potassium hydrogen phthalate was used as an
internal standard. The EO contents were estimated from the ratio of the signal intensities of EO to the internal standard.
Two nuclear magnetic resonance systems were used to validate the proposed method. The EQO content of commercial
polysorbates 20, 60, 65, and 80 was determined to be within the recommended limits using this techmque Our approach
thus represents an additional or alternative method of determining the EO contents of polysorbates.

Keywords: Analytical method, food additive, oxyethylene, polysorbate, quantitative nuclear magnetic resonance

Introduction

Polysorbates are non-ionic surfactants that are
widely used as emulsifiers, dispersants, and stabili-
zers in food processing. Polysorbates consist of a
mixture of fatty-acid partial esters of sorbitol and
condensed sorbitol anhydrides, and contain approxi-
mately 20 moles of ethylene oxide (comprising the
oxyethlene unit {[EOQ) -OC;H,4-) for each mole of
sorbitol, along with its monohydrides and dianhy-
drides. The main fatty acids of polysorbates 20, 60,
65, and 80 are monolauric acid, monostearic acid,
tristearic acid, and monooleic acid, respectively.
The typical structures of these polysorbates are
shown in Figure 1.

Guidelines for the EO contents of polysorbates are
set by the Food and Agriculture Organization
(FAO)/World Health Organization (WHO) Joint
Expert Committee on Food Additives (JECFA).
To comply with the JECFA standards, the quality

and composition of commercially synthesized
polysorbates must be monitored and regulated.
The standard method of measuring EO as described
in “section VI. Methods for fats and related
substances in the guide to specification” is as
follows: “The oxyethylene groups are converted to
ethylene and ethyl iodide which can be determined
by titration. By utilizing a conversion factor deter-
mined on a reference sample, it is possible to
compute the polyoxyethylene ester content”
(JECFA [internet]). However, this classical titration
method requires a complicated apparatus and
involves several time-consuming steps. Alternative
methods for determining the EO contents of
polysorbates have not previously been reported,
because these complex compounds are mixtures of
isomers that are non-selectively substituted with EOs
and fatty acids.

The quantitative nuclear magnetic resonance
(QNMR) approach is based upon the International
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800° N Sugimoto et al.
W +X +Y +2Z=approx. 20
Total EO = (CH,0) x (W + X + ¥ + 2) = C4gHggOz9 (MW 681.1)
ok
Compound Formula (MW) EO(%) in molecule
0
Polysorbate 20 C’I'\PL
(poiyoxyethylena gt;)) Ri= Hy § X  Ry=Ry=H CsgHy1400s (MW1227.5)  EO(%)=71.8
Polysorbate 80
(polyonyelhyiena frft’e | o= HaCNﬁtLﬁ Ry =Ry= CosHizg0s (MWI311.7)  EO(%) = 67.2
Polysorbate 65 0
(polyomyethyiens @0) Ry =Rp=Ry= g /[’\,]JL‘,{ CyooH19402g (MW1844.6)  EO(%) = 47.8
Polysorbate 80
(polyoxyethylens g:)) Ry= H@ML’,{ Ry=Ry=H CggHypOz (MW1205.6)  EO(%) =68.0

Figure 1. Typical structures of polysocbates 20, 60, 65, and 80. The formulae and BO (%) were estimated based on the assumption that

there were 20 moles of EO per molecule.

system of units (SI units). This valuable technique
meets the requirements of a primary ratio analytical
method (Jancke 1998). The use of QNMR to
determine the ethanol content of deuterium oxide
solution was previously reported as a part of an
intercomparison study organized by the Comité
Consultatif pour la Quantité de Matére (CCQM).
The results showed that the accuracy of gNMR was
equivalent to that of gas chromatography with a
flame ionization detector (GC-FID) (Saito et al.
2003). gNMR exploits the fact that the signal
intensities of a given NMR resonance are directly
proportional to the molar amount of the nucleus
within the sample. gNMR can determine the
quantity of a compound, its substituent contents,
or its absolute quality if the whole sample weight is
known. This technique has several advantages for
the analysis of organic compounds: it is non-
destructive, it provides both quantitative data
and structural information about a compound, and
high-throughput spectral-acquisition instruments
are commercially available. The main drawback
of the gqNMR approach is that manual spectral
assignment is required; however, this can easily
be rectified by applying current NMR technical
experiments such as total correlated spectroscopy
(TOCSY), heteronuclear multiple quantum correla-
tion (HMQC), heteronuclear multiple bond
coherence (HMBC), etc.

Based on these features of qINMR, we predicted
that the method could be used to determine the EOQ
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contents of polysorbates. In the current paper,
we detail the application of QNMR along with an
internal standard for the direct determination of the
EO contents of polysorbates.

Materials and methods
Materials

Samples of reagent-grade polysorbates 20, 60, 65,
80, and sorbitan monolaurate (Span 20) were
purchased from Wako Pure Chemical Industries,
Ltd (Osaka, Japan). Poly(ethylene glycol) distearate
was purchased from Sigma-Aldrich Japan KK
(Tokyo). Commercial samples of polysorbates were
obtained from companies A~E via the Japan Food
Additives Association. The NMR solvents, metha-
nol-d, and acetone-dg with 0.03% tetramethylsilane
(TMS), were purchased from Isotec Inc.
(Miamisburg, OH). Potassium hydrogen phthalate
(PHP), which was standard grade for volumetric
analysis according to Japanese Industrial Standard
(JIS) K8005, was purchased from Wako Pure
Chemical Industries, Ltd.

4
Instrumentation

NMR spectra were recorded on JNM-ECA
(500MHz; JEOL, Tokyo) and MERCURY
(400 MHz; VARIAN, Palo Alto, CA) pulsed
Fourier-transform (FT) spectrometers, equipped
with 5mm 'H{X} inverse detection gradient



