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We have developed a quantitative determination method the concentration of sodium nitrite in pet
foods using a liquid chromatograph with ultraviolet (LC-UV), and conducted a collaborative study.

Sodium nitrite was extracted with ammonium acetate solution. The sample solution was
deproteinized with zinc sulfate solution and sodium hydroxide solution before its filtration. The
filtrate was further purified with a SPE mini-column (graphitized carbon cartridge, Sigma-Aldrich
Co. LLC.; St. Louis, MO, USA), and injected into a LC-UV to determine the concentration of
sodium nitrite. LC-UV separation was then carried out on a NH, column (Asahipak NH2P-50 4E,
4.6 mmi.d. x 250 mm, 5 um from Showa Denko K.K.; Tokyo, Japan) using phosphoric acid buffer
as a mobile phase.

Recovery tests were conducted on eight kinds of pet foods. Dry food for cats, formed jerky for
dogs and dried jerky for dogs (hard type) were added with 20 and 100 mg/kg of sodium nitrite
respectively. Semi-dry food for dogs and dried jerky for cats (soft type) were added with 20 and
200 mg/kg of sodium nitrite respectively. Confectionery (biscuit) for dogs and milk powder for
dogs were added with 20, 100 and 200 mg/kg of sodium nitrite respectively. Wet food for cats
was added with 5, 30 and 100 mg/kg of sodium nitrite respectively. The resulting mean
recoveries ranged from 92.4 % to 108 % for sodium nitrite. The repeatability in the form of the
relative standard deviation (RSD,) was less than 7.0 % for sodium nitrite.

A collaborative study was conducted by eleven laboratories using six kinds of pet foods, all of
which were added with sodium nitrite according to the following specifications. 160 mg/kg for dry
food for cats, 80 mg/kg for semi-dry food for dogs, 30 mg/kg for wet food for cats, 120 mg/kg for
formed jerky for dogs, 50 mg/kg for confectionery (biscuit) for dogs, 20 mg/kg for milk powder
for dogs. The resulting range of mean recoveries, repeatability and reproducibility in the form of
relative standard deviation (RSD, and RSDg), and HorRat, were 95.2 % to 102 %, less than 4.6 %
and less than 7.6 %, and less than 0.93 respectively.

This method was thus validated and established as adequate for use in inspections of sodium
nitrite in pet foods.
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Table 1  Composition of pet foods
Pet food types Ingredients

Brans (wheat bran, rice bran), beans (soybean meal), starches (tapioca), vegetable
protein extracts (corn gluten meal), meats (poultry byproduct), oils and fats (chicken ail,
vegetable ail), fishes (bonito meal), yucca extracts, vegetables (dried carrot, broccoli

Dry food for cats powder), minerals (Fe, Mn, Zn, K, Co, Na, Ca, Cl, Se), amino acids (DL-methionine,
taurine), vitamins (V. A, V. B1 V. B2 niacin, pantothenic acid, V. Bs, V. B12, V. C,
biotin, folic acid, chaline), coloring (food yellow no. 5, food blue no. 1), antioxidant (mixed
tocopheral)

Grains (wheat flour, etc.), meats (chicken, etc.), sugars, potatoes (sweet potato, etc.),
vegetables (carrot, pumpkin, spinach, etc.), minerals (P, Na, Ca, Mg, K, Fe, Zn, Cu, Mn,
1), quality preservation agent (propylene glycal), thickening agent (glyceline),
preservative (potassium sorbate), amino acids (L-lysine hydrochloride), vitamins (choline,
V. E, V. C, niacin, pantothenic acid, V. A, V. Be, V. By, V. By, fdlic acid, V. B12, V. D),
pH adjuster, antioxidant (sodium erythorbate, mixed tocopherol, rosemary extracts),
coloring (titanium dioxide, food yellow no. 5, food red no. 106, food yellow no. 4, food

Semi-dry food for dogs

blue no. 1)
Wet food for cats Bonito, chicken, pllgo§acgh§rlde, minerals (Ca, Cu, Mn, Zn), vitamins (V. A, V. E, V. K,
V. By, V. By, falic acid, biotin)
Meats (chicken, beef), wheat flour, defatted soybean, brans, vegetable oil, sorbitol,
Formed jerky for d propylene glycol, minerals (Na), sodium polyphosphate, seasoning, antioxidant

(potassiumu sorbate), pH adjuster, sodium metaphosphate, coloring (food red no. 102,
food red no. 106, food yellow no. 5, food blue no. 1)

Dried jerky for dogs (hard

type) Deer meat
Dried jerky for cats Chicken (white meat), glycerin (humectants), propylene glycol (quality pretention
(soft type) agent), antioxidant (sodium sulfite)

Wheat flour, margarine, caster sugar, chicken egg, rice embryo and fermented soybean
Confectionery extracts, tree extracts, galacto-oligosaccharide, protein concentrated whey powder
(biscuit) for dogs (dairy products), dried skim milk, milk oligosaccharide, vegetable ail, sweetener (D-

sorhital), calcium carbonate, green tea extract, antioxidant (V. E, rosemary extracts)

Milk protein, dextrin, animal fat, dried skim milk, vegetable ail, dietary fiber, glucaose,
bifidus bacteria for animal, dry yeast, chondroitin sulfate, glucosamin, DL -methionine, L -
arginine, L-cystine, L-carnitine, milk oligosaccharide, pH adjuster, emulsifier, vitamins
(V.A,V.D,V.E,V.B1,V.ByV.Bs V. Bz, V. C, pantothenic acid, niacin, folic acid,
biotin, choline, carotene), minerals (Ca, P, K, Cl, Mg, Fe, Cu, Mn, Zn, 1), inositol,
nucleotide, flavour (butter, milk cream)

Milk powder for dogs
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A& LTO041, 02, 04, 06, 08, 1, 2, 4, 6, 8 XN 10 ug 2 &4 T HAHEWER 2 8L L
7.

213 HELEROHE
1) F#efk : ZM 200 Retsch i (EBiZ 1mm X7 U —>, fifi FR[E165 % 14000 rpm)
2) 7—FR7uty¥—:MK-K8O RFV=vw il
3y /79774 "I —RrI=4F 2L :ENVI-Carb (FETAAIE 500 mg UV — —%& 6 mL)
Sigma-Aldrich %
4) AT T 7 4% — :HLC-DISK 13/k% (L2 045um)  PBIsqb i
5) LC: Prominence &t/
214 E=ITIE
1) #fiH

SINTRRES g Z IEREICE > T 200 mL O KEE T 7 A AN, BT »F=1v MEER
150 mL Z /0%, B L TRV IEE /1%, 80 °C O/KInH T 10 /5 MEHE L=, fe\\ CTHiBR TSN
Wik (10 wiv%) 20 mL # %, % L CTIRVIRE721%, 80 °C O/KinH T 5 /rfilE L.
BIOKH T 5 MEE Lo, KT MY U LAEK (30whv%) 2mL 1z, %L THERY
BE-#%, 10 0MEHE L. BRERE7 I Aa0ERETY VBEE KR AN Z, A8 (57 C)
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Table 2 Operating condition of LC

Column Asahipak NH2P-50 4E (4.6 mmi.d. x 250 mm, 5 pm), Showa Denko K.K
Mobile phase Phosphoric acid buffer

Flow rate 0.8 mL/min

Detector UV detector (Wavelength: 220 nm)

Column temperature 40°C

4) i =
BohnizZa~ 7500 —7HBLEOE I Z RO THRERZIER L, #EH O WmANEE
F RV LAEEZEE L.
nE, EEEOHEZ % Schemel iZ/x L7,

Sample 5.0 g (200 mL volumetric flask)

—add 150 mL of ammonium acetate and shake

——hest in awater bath for 10 min at 80 °C

——add 20 mL of zinc sulfate solution (10 w/v%) and shake
—— hest in awater bath for 5 min a 80 °C

——cool inicefor 5 min

——add 2 mL of sodium hydroxide solution (30 w/v%)
—allow to stand for 10 min

—fill up to 200 mL with phosphate buffer

—filtrate through filter paper (No. 5C of JIS P3801) (discard 20 mL of the beginning)
Graphitized carbon cartridge (500 mg)

(prewash with 5 mL of water)

—— apply sample solution

——collect the elute 2 mL (discard 3 mL of the beginning)
—filtrate through a menbrane filer (0.45 pm)

LC

Scheme 1  Analytical procedure for sodium nitrite in pet foods
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4) I N7 A R-EERINAEER
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BB IMTECHESE LI L L LTz,
2.2.6 53 S 11 ]
VR BLHELHAH 7THMB K 3LE2H 1HET



8 fR M Vol. 44 (2019)

227 fRAT L
HROMITIZONTIE, EEREMICA—FT A X ENEEFARBRICHETSFIE & Y255,
Cochran 27, single Grubbs 1 & & (" paired Grubbs i 217\, AAUE O A M %2 8 Lz LT
el =R, #ak RSB (RSDy) K OV=ERIFFBURE (RSDr) #H ML, 67 RSDr b, f&
iE Horwitz & 1% F\\C HorRat % sk ¥ 7-.
228 A=
A KA AL o WEEHR RSB RAET 4T - s 2 —, U=z ¥ = AR
e, M EE AR BB A L RBEOR Y F —, M EITEA B AR SR B S
AT, M EEAN B AR SSNTE ¥ —EET IR, MNIATBOE N BAMOKE N B 2 A v
2 — Rkt R SR, FfLiRE 2 —, Aty —, AaEREr2—, Mty 42—
K ONAEfE M T v 2 — (Gt 11 3R =)

3 BRRUBE
3.1 HrikBAF

311 ME
212 ® 6) I X VB L7z HialEE T b U U AERERR A 20 uL & LC IZHEAL, ol e~
N7 B E— 7 HEAOE S 2D CTREREER LT,
BonzmERO—FIXFg 1O THY, HHEEFT MY 7 AL LTO01~10 pg/mL (EA
& LT 0.002~0.2 g HH Y4 &) OHFiH CEMMELZ R L.
nE, UHMBEROREGIEL, MRS MY U A% 4~400 mg/kg G A T 5 T HEUE & ARk
IZHE VIR U 72 S BRI O L AERE T b U O A OIREFRIFHICH Y T 5.

1400000 - 120000 -
y=11,244.3699x- 19.1041
1200000 - y=114,523.4760 x- 235.3778 100000 - R? = 1.0000
R? = 1.0000

2 1000000 - =)
< < 80000
g 800000 - 5
= § 60000 -
g 600000 - 2

o
3 240000 -
< 400000 - <

200000 | 20000 1

0 . . : . : ‘ ; . . : . .
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Concentration of sodium nitrite/ [ug/mL] Concentration of sodium nitrite/[ug/mL]

Fig. 1  Calibration curves of sodium nitrite by peak area (left) and peak height (right)

312 U774 NAI—AKRUI=HT L5 OFHE S O
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N—R =T EDEOFHE MR L. TOMEIT Table 3 D EBY THY, HAHEET)
R U T AL 2~8 mL D5y TiX 98.7 %Ll O AR D=, Z 0w, WL L R
MHOWHEK 3mL 28T, Toko2mL 2HWALZ L& L.
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Table 3  Elution pattern of sodium nitrite from graphitized carbon cartridge
(%)°

0~2mL 2~4 mL 4~6 mL 6~8 mL

Sodium nitrite 26.0 98.7 9.8 9.9

Target

n=1
a) Quantitated concentration in sample solution after column treatment /
Concentration in sample solution before column treatment X 100

313 WiEWE O
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FArE—Z xRN RhoTo. B, fonizsu~ NI T AO—fFl% Fig. 212/ LT,

F£7-, Fig. 2D B~F TiX, HEFE O 25~35 pEICKE R —7 N HELL, ZO%, WLE
N~ A T ADEZRTEBNHRINTZ., ZOZLICHOWNT, 215 TR L& EiK%E LC I
HEAL, REROREHOFEICLDZ 70~ b T 2DENNTHOWTHR L. ZORE, Fig.
3DEBY, 7T WRKLOREETFEE ) o ERAEE K O Bk #h & 5 T IR IR C O B[Rk O %6 8)
DHERINT=Z Enb, ZoFE 2R3 HRITHEHARFICE TN MR ICHEK T2 b0 L
AR ENT. 20D, REFETRENAEREZNET 2561E, 1 Kbz OERHEZE LD,

ZOEEFPNEV /7 u~v N TLOR—=RATA VPREETDHI L AR T OINERNDDLEEXD
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Fig. 2 Chromatograms of standard solution and blank sample solutions
(LC operating conditions are shown in Table 2.  Arrows indicate the retention

time of sodium nitrite.)

A: Standard solution (0.6 pg/mL: 12 pg as sodium nitrite)

B: Dry type for cats

C: Wet type for cats

D: Formed jerky for dogs

E: Confectionery (biscuit) for dogs
F: Milk powder for dogs
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Fig. 3 Chromatograms of blank solution, reagent solutions and sample solution
(LC operating conditions are shown in Table 2. Arrows indicate the retention time of

sodium nitrite.)

: Blank solution

: Ammonium acetate / Phosphoric acid buffer

: Zinc sulfate / Phosphoric acid buffer

: Sodium hydroxide / Phosphoric acid buffer

: Dry type for cats/ Phosphoric acid buffer

mooOw >

314 IRIMEIGEER
2.1.6 12X 0 EmEIGRERZ FEhi L7z, ZOf5RI1X Tabled D LBV, FEXRUEIX 92.4~108 %,
Z DA UK T R (R 2% (RSD,) & LT 7.0 %L T ORRE NS S, BB H&iEHE o
BREESE 11 ERBPEOZYMEMEE (UT RBRIEOZYMMRIE] &), ) KED LR
B R OV TREEE O BAEME 2 7= 3 BiF e R ch -7z,
ks, fFonlcrsa~ 87T AO—Hl% Fig. 4IZR LT,
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Table 4  Recoveries for sodium nitrite in pet foods
Spikedlevel Recovery?  RSD,”

Samples

(mg/kg) (%) (%)

Dry type for cats 20 93.0 7.0
100 101 16

Semi-dry type for dogs 20 108 12
200 100 0.7

Wet food for cats 5 108 2.7
30 924 13

100 U7 13

Formed jerky for dogs 20 107 14
100 103 16

Dried jerky for dogs 20 102 17
(hard type) 100 97.3 0.7
Dried jerky for cats 20 102 11
(soft type) 200 93.2 0.8
Confectionery (biscuit) for dogs 20 105 0.2
100 101 0.7

200 102 0.4

Milk powder for dogts 20 108 14
100 103 2.8

200 101 0.7

a) Mean (n=5)
b) Relative standard deviation of repeatability
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i . LA N J
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0 ; 1I0 1‘5 2‘0 2I5 0 5 1‘0 1‘5 ZIO 2I5
Retention time/ min Retention time/ min
Fig. 4 Chromatograms of sodium nitrite
(Arrows indicate the peaks of sodium nitrite peak.)
Left: Standard solution (6 pg/mL: 0.12 ng as sodium nitrite.)
Right: Sample solution of dried jerky for cats (soft type) (spiked at 200 mg/kg
of sodium nitrite (0.1 ng as sodium nitrite))

315 JEEMRAR (TIR) KUOBRHIRA ORET
AR T b U U A OB EME 2R L2, 0.1~10 pg/mL O Fiftir & 2 55 (v



ELiE P OEEIR T U U LD v~ h 7T 712K D ERIEORFE K O R 13

= v MERLISNE 20 mg/lkg FHY & (B RUBHR IR E 0.5 pg/mL AHY &) , = v FRMIE S
mo/kg FH Y B (R ECEHE R 0.125 pg/mbL FHXY &) ) OFRMEILEER O &R, 5 %ﬂf:t~
7D SN WA 10 L ETholclo®d, b aHfEiE;T FY v AoE&RA (TR OREE L
7o, 72k, EERA (FIR) REICHT 2EMENGRERRSFIX Table 4 D& B0 BAFCTh o7z,
ORI, ELiEhW AR O (100 mgikg) 1R LT, 15 (V= v NULEITKSER
HI0%ICHE L7256) ThY, REBEOZYMEMRIEICED b BEEATZ L T\,

RIEOKRHBR ZHRT D720, BMEIGREBRIC IV G on-v—27 0 SN t|:75§ 3L DIRME
R, ZORE, MHEBRE, U=y MDA 6 mgkg, Vv MLEIX 2 mglkg T
bofo. ZOREE, FBRICHEREOZYHERHERIEICED bz B A7 LTz,

3.2 JL[ARER

BHZE L7 o ATiE O =M B BUSE 2GR 3 2720, 2212 X 0 HEHERZ i L7-.

FERIX Table 5 D& B0 ThY, RIA®E FH) , I FI708E% (RH) , vy M
i (), B Y Yy —%— (RHA) , 78 (RHERXZ7 v ) KO Ivs (KA 1220
T, ‘FHEUCEIX 952, 102, 97.1, 100, 101 %X 99.5 %, RSD, % 1.4, 2.2, 44, 1.5 18 K
4.6 %, RSDri% 5.3, 7.6, 7.2, 2.6, 53&0“71% HorRat {Z 0.70, 0.93, 0.76, 0.34, 0.60 & "
0.70 TH v, FRERIEDZ Y MR T BV Tz E M BN L O B AR AE 2 72 RAF RS R
BEoni-.

SEORD, FRBETHEMA L LCOMME% Table 6 127 L7-. £72, LCH 7 AFE2TOR
B 58 C Asahipak NH2P-50 4E (N 4.6 mm, & 250 mm, ki 5um, BEFIE TH) 244 L7-.
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Table 5  Collaborative study for sodium nitrite
Dry type Semi-dry type Wet food Formed jerky Dried jerky for dogs MilK powder
Lab. No. for cas for dogs for cats for dogs (hard type) for dogs
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 137 135 84.8 825 25.9 25.2 121 121 46.0 45.6 1347 14.0°
2 140 144 90.8 89.5 28.2 29.9 126 124 50.4 48.6 19.5 19.2
3 143 1627 787 775 28.9 325 119 120 54.2 54.9 21.3 213
4 159 156 68.3 68.1 28.4 25.6 118 118 48.1 49.6 16.7 18.1
5 154 153 85.7 80.3 30.2 324 120 116 49.0 487 18.6 19.8
6 162 157 74.6 77.9 27.4 26.7 116 119 50.6 48.6 19.4 21.7
7 155 151 87.6 84.5 29.1 275 118 120 7077 69.9” 2847 2879
8 157 159 83.8 80.8 315 30.7 125 125 53.2 55.3 20.9 213
9 150 147 87.4 89.6 29.3 29.9 115 120 50.3 50.8 19.4 19.4
10 159 160 82.3 83.4 310 29.7 124 120 50.6 515 19.5 19.8
11 156 154 79.8 79.4 30.7 29.9 118 118 50.4 50.0 19.9 22.4
Spiked level (mg/kg) 160 80 30 120 50 20
No. labs® 10 11 11 11 10 9
No. outliers® 1 0 0 0 1 2
Mean value (mg/kg) 152 817 29.1 120 50.3 19.9
Mean recovery (%) 95.2 102 97.1 100 101 99.5
RSD: ” (%) 1.4 2.2 4.4 15 18 4.6
RSDr? (%) 5.3 7.6 7.2 2.6 5.3 71
PRSDr" (%) 75 8.2 9.6 7.8 8.8 10
HorRat 0.70 0.93 0.76 0.34 0.60 0.70

a) Data excluded by Cochran test

b) Data excluded by single Grubbs test

c) Data excluded by paired Grubbs test

d) Number of laboratories retained after eliminating outliers

€) Number of outlier laboratories removed in parentheses

f) Relative standard deviation of repeatability within laboratory

0) Relative standard deviation of reproducibility between laboratories

h) Predicted relative standard deviation of reproducibility between laboratories calculated from the modified

Horwitz equation

Table 6

Instruments used in the collaborative study

Lab.No LC

Prominence, Shimadzu
LC-2000Plus series, JASCO
Prominence, Shimadzu
Waters2487, Waters
Prominence, Shimadzu
Prominence, Shimadzu
Prominence, Shimadzu
12601 nfinity, Agilent Technologies

© 0O N O Ol A WN P

Prominence, Shimadzu
Alliance 2695, Waters
Alliance 2695, Waters

e
= O
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4 FE®H
SIS TN HMMEET MY T AICHOWT, haEmEAZRIC, BowEErnnEns

EZELEW G O L7 ICHLBEARER LC 2 W ERBEZRE T L L bic, HFERER

BERL, BEHAFEEESEOREE~OBEHOABICOWTHRIFTLIZEZS, UTORENED

A, WHANARETHDL EEZ L.

1) MEMRIE, 0.1~10 pg/mL (FEARE LT 0.002~0.2 ug fHY &) OFPH CHEMRMEEZ R L. 7
B, UHmBEMOBEMPEIL, M R A% 4~400 mglkg &G AT D00 B2 ATEIC
TEVTREL U 72 B i BURHA IR T O R EEREPH ICF M 37 5.

2) AEFAWIZEEHZSOWT, KB THRLNTZZ e~ M T AIZBWT, EEEZHIT 2%
E—Z i35 b no T,

3) HMHEES MY ULALLTRIA®E ) , Yy —F%F— (RH) KOEMEEREY v —
X— (N—F&ZAF) (KH) 1220 T 100 mgkg FHY &, &I FI 085 (KH) ROEM
WlEY v —F%— (Y7 hE A7) (A) 1© 20 LT 200 mglkg FY &, F 7 (RAEA7 >
) ROy vr (KRA) 1220, 100 %8200 mg/kg FHYS &, v = v MG OfFH) (25 30K
N 100 mg/kg fHY EZ RN L, ARIEIZHE- T 5 ROHMToN &2 320 L, B ERK ORI U RS 2 2R
Wic & ZARBIEOZ Y HERERIEICE D N BE R OPHTREE O BARE 2 79 RAF 2R 12
Boni-.

4) REo#EMEST N v LAOEERER (FIR) 1%, 20 mgkg (V= v FMLLIX 5 mgkg) Tho
7. MHRARIT 6 mgkg (7= FEEIX 2 mgkg) ThHorz. RELEZEERA (FR) KO
RS T, BBRIE O Z Y HERERIEICED b BAE &7 LTz,

5) WA FY AL LT RIA 8 OfifA) 12 160 mgkg fIM &%, & K70 848 (RAH)
|2 80 mg/kg FHY &4, 7= v MEE OfH) 1230 mgkg Y &%, AT vy —F— (KH) I
120 mg/kg FHY &4, HFH (RAEA7 > M) 12 50 mglkg Y &%, ¥yI/v27 (RH) 12 20
mg/kg A EEZ RN L7232 AT 11 BBR=EICB W TARIEICE VIR £ L7 & 2
5, RBRIE O Z Y HEMEBIEITED b AV E M BB E O BIRE 273 BRAF R/ /R,

# &
HERFRBRICSI L TWz2niz JA AR b W EEHR A St B IRGER 04T - BIsE v & —,
VAR A, M EE AN RMERE E L REOR S X —, RIFEHIEA

HARR iR P S 60T, — kM EIEAN A ARSI v 2 — B ZEETIC BT 5 BRE FALIC
BHOBEEZRLET.
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