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By I1: ~++ v 10ml T Ui, BEEREL,
BB AZ ) — A EML 10ml & LT RBBKET
5.

4y -1 : ~%% v 15ml Tk L, WMERE
L, BIX%Kk-22,—1 (1:1) BRCEMEL 10ml
ELTRBBRET 5.

Hzy II-2: ETH 10ml ¥ CRHEL, ~F+ v 10
ml Zhnz 78, SAFRE7 V€= 25K 20ml 37>
T2EESEL, K\T 0.5% EDTA&4H 3% 7 v«
=77 3ml FoT4EKkETS. KEEGbYE, =—
T 15ml FoT 2EEEE Lo, BETRML, &I
KAz = (1:1) BECENL 10ml L LT
BRKETS.

3¢3¢2 XRBEDEFICDNT

B4 A :3-3-1 oFES I oMBECR T

B4 B WRE T L, =51 T 10ml & L
TRBRBRET5.

BC: G4y A7 4 L x —CIRALEE, BE
TEMEL, BI2K- 22— (1:]) BRCEML
10ml & L CHABRBKET5.

3.4 EM, EREE
FRBBEEFROOHED TLC RO PC ik X3 EHR
B &k 0O HPLC @ X 2 &AL EIHY T - 7.

4 FEREOEE

41 54 bH5LOMY

€FA AT EDDLOBROBH A2 - 1%, €54
L 545 B, RRERIE Aok RERVEMD pH
CrXh BETHZENBEINE. £IT, 2FA b
545 B% 20g, RN ER 5 g L ED . BEHRART
12, R BEICAEROBHEBELSCT A0, K
Mz B NERD -7DT, HsOKEYRILCER,
S5ml 2B THDH T EWghote. 85T, BIERKE
TR RARDOAR 5g (K Sml HY) AR LEL
iz,

» o AEEHFEO pH i, RBFcBER O EEMEAR
PIAET A EREMES D B 0T, B ITEENCEE T
B ERBHOBRTHF L ot F2T, higET
THo2&EL, ABILBECIGUCBXILT v ) Tk
ELTHbA 7 2R/ TATHE L L.

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

wm =z

42 BHFHOKRE
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Table 1 Effect of concentration of acetic acid in
ethyl acetate on recovery of basic coal-
tar dyes

Recocery (%)
Dye Concentration of acetic acid (%)
0 1 2 3 4 5

Rhodamine B 96.2 99.3 100.0 100.0 100.0 100.0

Auramine 84.9 90.7 92.5 94.2 94.2 94.2

Fuchsine 84.9 87.3 94.9 96.0 96.0 96.5

Methyl Violet 38.4 89.3 93.1 93.5 93.7 93.3

Each 1000 pg of dye was cluted from the Celite column with 100
ml of ethyl acetate containing acetic acid of various concen-
trations.
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HERMBCERIE®, B -BHcI v oMTs o
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~—H—fFE LLT7 -2+ 7Y —v FCF (&H
BE3%5), =.—=227vv (BRFKE 102 5) ROT
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-5, BER=F AR vEV- -T2 —n (7:8)
BHEOK L4 100ml # AT Lz, ZOREE, Table
2R T Lo, WThofa®d 5% LA-2 §F0R
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Table 2 Elution of acidic coal-tar dyes by various
organic solvents containing 5 % Amberlite
LA-2

Recovery (%)
Fast Green FCF New Coccine Acid Red

Organic solvent

Benzene 68.8 97.0 96.8
Dichloromethane 89.3 75.1 82.0
Ether 76.4 98.3 81.7
Ethyl acetate 95.6 98.7 98.1

Benzene : 1-Butanol (7:3) 95.1 98.1 98.8

Each 1000pg of dye was eluted from the Celite column with 100
ml of organic solvents containing 5 % of Amberlite LA-2.
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B &R, RRBFED g-rrF v, TFRA21T)Y
Vy, VEZ7SEY, AN VER, Feh M VBRUONx

NI | -El ectronic Library Service



The Japan Society for Analytical

Chemi stry

58 BUNSEKI

Table 3 Recovery of standard coal-tar dyes
without food samples

Fraction Dye Amount added Recovery
No. (:8) (%)
I Oil soluble dye
Oil Red XO 500 94.3
Oil Orange SS 500 93.6
Oil Yellow AB 1500 95.4
Sudan III 500 92.6
Sudan G 500 101.3
Sudan 1 500 83.7
1T Basic dye
Crystal Violet 150 91.9
Methylene Blue 150 35.5
Rhodamine B 100 93.0
Fuchsine 150 90.1
Malachite Green 150 9.1
Auramine 150 95.4
Methyl Violet 150 93.1
I11-1 Acidic dye (Ist group)
Erythrosine 500 97.1
Phloxine 500 93.8
Rose Bengale 500 93.5
Eosine 500 96.9
1I1-2 Acidic dye (2nd group)
Tartrazine 500 99.6
Sunset Yellow FCF 500 92.6
Amaranth 500 92.7
New Coccine 500 97.5
Acid Red 500 94.3
Brilliant Blue FCF 500 93.1
Fast Green FCI 500 103.4
Indigo Carmine 500 91.9
Ponceau 6R 500 96.2
Ponceau SX 500 95.3
Azorubin 500 88.3
Allura Red AC 500 95.4
Orange GGN 500 89.2
Naphthol Yellow S 500 98.2
Azure Blue VX 500 96.7
Acid Violet 6B 500 93.9
Wool Green S 500 103.6
Orange 1 500 13.1
Orange 11 500 58.0
Chrysoine 500 47.6
Orange G 500 97.4
Acid Fast Red 3G 500 90.3
Aluminum lake
Tartrazine lake 1000 95.2
Brilliant Blue FCF lake 1000 93.8
= VIEHEB L THRI L =5, Table 4 o () ¥ X5

W, B-HeFvEOREF AT Y VCIEABEERD,
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Table 4 Comparison of recoveries of natural dyes
between original method and improved

method

Recovery (%)

Dye (I) Original method (1I) Improved method
F-1 F-2 F-3 F-A F-B F-C

B-Carotene 42.0 39.5 — 74.4 — —
Monascorubrin  — 31.1 17.2 —_ — 90.9
Riboflavin — — 4.4 — — 78.4
Carminic acid — — 52.7 — — 89.7
Laccaic acid — — 35.0 - — 92.0
Betanine — —_ 0.0 — — 77.0
Each 1000pg of dye was added; F : Fraction; (I) Original

method : Each dye was eluted from Celite column with 50 ml of
hexane (F-1), 100ml of ethyl acetate containing 3 % acetic acid
(F-2), and 100 ml of ethyl acetate containing 5 % LA-2 (F-3);
(1) Improved method : Each dye was eluted with 100ml of
hexane (F-A), 100ml of ethyl acetate (F-B), and 100ml of a
water + methanol (1 : 1) mixture (F-G).

B4 0BEBER*BEEN LICER, mBadaFRiz~+
S vREED 100ml FEEfE=9, 100ml X% H\ T
B, £4ES A, B L1, RTrxz/—21T
Gere Lictk, KBHEREK- 227—-2 (1:1) BE
THEH (@Y C) s riclic. ABFHEH X
b, Table 4 o (l) WiRT X SBFEOHEEINIL
igh, BUREIWThG (74~92) % & BiFcfEis
37=.

4.3 AR TOTRMEIER
4e3e1 A —IIBEICDNT
(100~1500) ppm, &2 AEITA b HFEKRA (V7 b
FUVZR), ZA=VF 5 VF a4, 72744, \»
HLIYy ROV BABREIIML, & —VEBEOBH
S THOYT LIcRER % Table 5 & & i,

1322 A EDBEFERIFRBCOVTIRIEHE RO L [EIX
BHRESHK., ZVAEASNLF Ly, PREAF LY S
A= EREREL ol s, ChbOBFRITAER~DY
EHSBOTEWEDEEZ RS, X, 7A—VF
VT4, TN=VEY—=ROF I T AATIE, ALV
I, =y 2arvy, 7exv v Ele — XX vi oM
WENETFEL bR L bR v v o T RO
vvy I Tk, E¥ERTHRDLRD) 5 o BHFEOEE]
ik bhvie.

4032 IXREBRICDNT K 2E, KEH
3 11 #moit 13 %4 5000 ppm, ZhsAHiHA
DEWRERRIK, ~x =2y F—, =—=HV v, BEEE
EZ, WHIU 4y AROL BABKEML, KREFK
DIEWMGEUTHPT LIchiR % Table 6 2% Lo,

& — B3 27T EHRY
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Table 5 Recovery of coal-tar dyes added to several kinds of foods

Recovery (%)

Dye Added Fraction - - - -
(rg) No. Orange soft Fruit Lacto Fruit Strawberry Pickled radish
drink candy ice jelly jam “TAKUAN-ZUKE”
il soluble dye
0il Red XO 500 I 108.5 92.8 90.2 71.5 69.3 76.0
Oil orange SS 500 I 82.9 77.8 69.7 77.6 76.0 74.0
Oil Yellow AB 1500 T 103.5 83.6 97.3 90.6 75.9 80.9
Sudan III 500 1 97.9 84.7 90.1 77.5 74.6 86.9
Basic dye
Crystal Violet 150 1I 41.6 14.4 22.9 11.4 5.5 0.0
Methylene Blue 150 11 0.0 16.0 49.9 0.0 0.0 1.9
Rhodamine B 100 1I 96.2 74.3 94.7 94.4 86.8 90.7
Acidic dye-1
Erythrosine 500 III-1 94.5 81.6 77.2 95.5 80.6 76.7
Phloxine 500 III-1 96.1 87.0 71,7 93.6 74.9 75.8
Rose Bengale 500 I11-1 87.9 81.7 64.5 94,1 71.1 70.6
Acidic dye-2
Tartrazine 500 I11-2 95.9 78.9 100.8 90.2 86.3 88.9
Sunset Yellow FCF 500 111-2 92.7 85.9 93.5 93.8 78.5 89.3
Amaranth 500 II1-2 89.8 85.6 84.7 88.8 80.8 78.4
New Coccine 500 111-2 96.8 72.7 100. 1 98.0 86.3 86.5
Acid Red 500 I1I-2 103.0 72.4 94.9 90.1 103.1 86.9
Brilliant Blue FCF 500 I11-2 91.0 74.8 88.3 89.8 78.6 71.9
Fast Green FCF 500 111-2 93.7 80.2 82.7 91.6 82.6 78.2
Ponceau 6R 500 II1-2 96.4 82.5 83.3 92.8 80.7 86.1
Ponceau SX 500 II1-2 101.5 79.1 80.6 91.6 79.0 90.7
Azorubin 500 111-2 61.0 81.6 85.5 86.2 84.4 83.0
Allura Red AC 500 111-2 104.7 84.2 92.6 93.6 84.5 85.5
Orange GGN 500 III-2 95.9 65.4 85.4 95.7 71.1 90.7
Naphthol Yellow S 500 III-2 99.3 52.9 71.5 94.6 81.0 94.1
Azure Blue VX 500 II1-2 97.6 85.7 85.0 96.0 94.5 8l.1
Acid Violet 6BN 500 I1I-2 95.7 73.4 72.5 100.6 70.1 78.3
Orange 1 300 { -2 e 7500 75 75 5.0 62.8
Orange 11 W { i 513 5.1 667 816 66.3 6

Table 6 Recovery of natural dyes added to several kinds of food by the procedure for natural dyes

Recovery (%)

Dye Fraction Orange Butter . Steamed, baked g . herry Pickled radish
soft Margarine fish paste s I »
drink cookie “YAKI-KAMABOKO”  Jam TAKUAN-ZUKE
B-Carotene 1 79.7 79.1 57.1 70.9 66.5 71.5
Bixin I 94.9 84.2 54.9 86.0 86.0 75.4
Curcumin II1 82.5 78.0 57.2 74.9 78.8 76.8
Betanine 111 86.5 83.5 81.4 77.5 83.9 75.0
Caramel 111 85.1 75.1 81.6 74.5 82.4 84.9
Grapeskin extract 111 85.7 31.3 20.0 80.4 84.9 30.1
Carmine III 86.9 77.8 72.9 65.8 64.5 76.0
Carminic acid III 87.5 74.1 84.0 55.4 76.9 66.1
Laccaic acid 11 95.0 85.2 93.4 87.5 92.1 87.2
Monascorubrin 111 92.7 103.2 76.0 64.7 92.6 88.0
Norbixin 11 89.5 85.1 91.6 64.0 83.6 89.4
Crocin . I 101.6 98.0 94.1 79.6 86.4 89.6
Riboflavin III 99.8 88.7 89.5 57.0 93.9 95.2

Each 5000 pg of natural dye was added.

< —HY VTR —HOAFEDEIRIKLIPREL, X,
BEX I E T O CIIREMENRGC E Do B RICH L
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ERBEa#EL, 52 —-2,%—, =—FV) VRO D
ABETOENLERNE L 78285 o fo b,
fete DR Uictcd EBibh s, Zofoizt A rof
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DTH -

FERFEAETNTORRFO £ - LAFEROER
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ELR#HELET.
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Systematic determination of artificial and
natural dyes in foods by a Celite column chromato-
graphic method (Studies on systematic analysis
of dyes in food II). Yoshio ITo, Shunjiro Ocawa¥,
Takanori MINg, Katsuhiko Tajima**, Seishi ITo, Hiro-
shi NakaNisHI*** Kazuo OHARA¥*¥* Yasuhide ToNo-
GAIl, and Masahiro Iwaimpa* (*National Institute of
Hygienic Sciences, Osaka Branch, 1-1-43, Hoenzaka,
Higashi-ku, Osaka-shi, Osaka; *Central Research
Institute, Suntory Co. Ltd., 1-1-1, Wakayamadali,
Shimamoto-cho, Mishima-gun, Osaka; **Shiga Pre-
fectural Institute of Public Health and Environmental
Science, 13-45, Goten-hama, Otsu-shi, Shiga; ***Japan
Food Research Laboratories, Osaka Branch, 3-1,
Toyotsu-cho, Suita-shi, Osaka)

Celite 545-column chromatography was applied to
the systematic determination of artificial and natural
dyes in foods. A sample was ground well in a mortar
with Celite 545 to yield a dry product and then the
mixture was transferred into a glass tube. Coal-tar
dyes were eluted out using hexane, 3 9, acetic acid in
ethyl acetate, and 5 9% Amberlite LA-2 (LA-2, liquid
anion exchange resin) in ethyl acetate in this order.
The 2nd fraction was then separated into 2 fractions by
liquid-liquid partitioning with water and 2 9, ammonia
water. By these procedures, coal-tar dyes were frac-
tionated into oil soluble, basic, group 1 acidic, and
group 2 acidic dyes. Natural dyes were eluted out using
hexane, ethyl acetate, and a water - methanol mixture
(1:1). They were fractionated into oil soluble and
water-soluble dyes. After simple clean-up applied to
each fraction, dyes in each fraction were determined
qualitatively by either paper or thin layer chromato-
graphy, and quantitatively by high-performance liquid
chromatography. The recoveries when 27 coal-tar dyes
and 13 natural dyes were added to several foods were
not less than 70 95, results being satisfied especially for
natural dyes.
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