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Study on the determination of ferricyanide in ferrocyanide
using high performance liquid chromatography

Chiye Tatebe®, Hiroki Kubota, Takashi Ohtsuki, Atsuko Tada, Yoko Kawamura,
Hiroshi Akiyama, Kyoko Sato

Ferrocyanides of calcium, potassium, and sodium are widely used in the EU and the USA as
anticaking agents for food grade salts. The purity test for ferrocyanides requires the detection of
ferricyanide, which is quantified using benzidine blue, the meriquinoid oxidation product of benzidine.
Benzidine is carcinogenic; therefore, determination methods for ferricyanide that do not use this
compound are of great value. We have developed a simple and safe method for detecting ferricyanide
in ferrocyanide without using hazardous substances such as benzidine. The separation of ferrocyanide
and ferricyanide was achieved using ion-pair high-performance liquid chromatography (HPLC) on an
octadecylsilyl column. A 35% acetonitrile in 25mM phosphate buffer (pH 7) containing 10mM of tetra
butyl ammonium phosphate was used as the mobile phase and the detection wavelength was 205nm.
The concentration of the ferrocyanide sample solution for the proposed HPLC method was chosen as
100 ug/ml because the detection limit of ferricyanide in the conventional purity test is approximately
2% (1 ug/50 ug) and the limit of quantitation for ferricyanide in the HPLC method was 2ug/ml (S/N=
10). In the recovery test (spike level: 2%) for ferricyanide from two commercial ferrocyanide samples
using the HPLC method, the average recoveries were 100.1 £ 2.6 (n=6) and 104.0 £ 0.8% (n=23). The
proposed HPLC method is simple, safe, and useful as an alternative to the conventional purity test

using benzidine for the detection of ferricyanides in the specification of ferrocyanides.
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Generation of benzidine blue from benzidine and ferricyanide anion (Fe(CN)s*).
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Fig. 2.

HPLC chromatograms of (A) 100 ug/ml ferricyanide ani-
on ([Fe(CN),[") solution; (B) 100 ng/ml ferrocyanide anion
([Fe(CN)s]") solution fortified with 2% [Fe(CN),*; and (C)
an enlarged view of the [Fe(CN)* peak in Fig. 2(B).
HPLC conditions: mobile phase: 35% acetonitrile in 10 mM
disodium hydrogen phosphate containing 5mM TBA-OH,
wavelength: 205nm.
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Fig. 3.

HPLC chromatogram of 100 ug/ml ferrocyanide anion
[Fe(CN)y]" solution. HPLC conditions: mobile phase: 40 %
acetonitrile in 25mM phosphate buffer (pH 7.0) containing
10mM TBA-P, wavelength: 215nm.
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Fig. 4.

UV spectrum of 20 ug/ml ferrocyanide anion [Fe(CN)g*
solution.
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Fig. 5.

HPLC chromatograms of (A) 100 ug/ml ferricyanide
anion [Fe(CN)s]* solution; (B) 100 ug/ml ferrocyanide
anion [Fe(CN)y]" solution fortified with 2 % [Fe(CN)s*;
and (C)an enlarged view of [Fe(CN)y> peak in Fig. 4(B).
HPLC conditions: mobile phase: 35% acetonitrile in 25mM
phosphate buffer (pH 7.0) containing 10mM TBA-P,
wavelength: 205 nm.
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Table 1.

Recovery test for ferricyanide ions in potassium or sodium
ferrocyanide

Ferrocyanide Recovery(%)

Potassium Ferrocyanide (n=6) 103.7

101.2

Sodium Ferrocyanide (n=3) 103.9

34 BbyIC
AFFEIZBNT, 721y T ALY oitiEREBRICB W
T, FERETHHINV IV Y EHEH L7 2Y VT
ABERBRE 2 A L7z, R R e OB WIRERE T
BB LS EAINY A E T OB RER & L CH#Y)
LHETHDLEEZ LN,

5 DHSCHR

1) Compendium of food additive specification,
Combined specifications from the first to the
thirty-seventh meeting 1956-1990, Joint FAO/WHO
Expert Committee on Food Additives (JECFA),
Vol.l1, pp. 651 (1981)

2) COMMISSION DIRECTIVE 2008/84/EC, Official
Journal of the European Union, http://eur-lex.

3)

4)

5)

6)

7)

8)

9)

10)

11)

europa.eu/LexUriServ/LexUriServ.do?uri=0]:L:20
08:253:0001:0175:EN:PDF (2016.5.13 accessed)

Code of Federal Regulation, Title 21, Section
172490, Yellow prussiate of soda

FFE45 0801001 75, £ wn iy AL AT BRI 0 — 5 2 2
B3 285 RO, N oBEEEO—%
BOET 22OV T CP 1448 H 1 H), JEA7E)
4 (2002)

EARMRER, BETEME AL, & - A YOS
i, VLA, HH(, pp348, pp559 (1990)
A M A EE  JEEFEHE (2007)
Benzidine IARC Monographs 100F:53-63. (2012)
https://monographs.iarc.fr/ENG/Monographs/
vol100F/monol00F-7.pdf (2016.5.13 accessed)
il (WRI474E6 H 8 Has 57 %)
http://law.e-gov.go.jp/htmldata/S47/S47H0O057.
html (2016.5.13 accessed)

[AF v XR7BEZHNZ-HPLCIZ L A 7207
YAbH I AE T2 ) T AR ) T L D5
L-column2 ODS Application No.2026 () {L2*¥
B RFAGATE 72 B
http://www.cerij.or.jp/service/09_chromatography/
L-column_application_data/L2026.pdf (2016.5.23
accessed)

EPA Method 9015 METAL CYANIDE
COMPLEXES BY ANION EXCHANGE
CHROMATOGRAPHY AND UV DETECTION
http://www.caslab.com/EPA-Methods/PDF/EPA-
Method-9015.pdf (2016.5.23 accessed)

RS =3, BemEEAT Bl & B mIla,
Hnt, pp264 (1979)





