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Simultaneous determination of nitrite and multiple phosphates in ham
sausage by ion chromatography

QIN Xiao-Juan, YAN Kuo, CHEN Fu-Zun, YUN Peng, LI J in", LIU Yu-Xin

(Hebei Provincial Center for Disease Control and Prevention, Shijiazhuang 050021, China)

ABSTRACT: Objective To establish a method for the determination of nitrite and multiple phosphates including
phosphate, pyrophosphate, triphosphate and trimetaphosphate in ham sausage by ion chromatography. Methods
The samples were ultrasonically extracted, deproteinized with chloroform, purified by ion chromatography-reversed
phase solid phase extraction column, and then detected by ion chromatography. Results There was a good linear
relationship in the range of 0.01-4.00 mg/L for nitrite, and 0.10-40.00 mg/L for phosphate, pyrophosphate,
triphosphate and trimetaphosphate, and the correlation coefficients were all over 0.999. The limits of detection were
0.06—0.60 mg/kg and the limits of quantitation were 0.20-2.00 mg/kg. The recoveries were between 89.4%—103.5%,
and the relative standard deviations were between 1.4%—6.1%. Conclusion This method is highly sensitive,

accurate and reliable, with simple operation, making it suitable for the simultaneous determination of nitrite and
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various phosphates in ham sausage.
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IR R 2 RO A PR RI RS BTk BRI, B
F RGN TR AR, A A S B R R,
AP by TR A 1 PR A R AR - B R B P I
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JCREVE Dy AR T, H BN E AR B, ZRhIEIR

ERARE BN BT EOIEE T B ORI | E R RE B,

I 20 T B [ A I A 0B 5 3 . R A R T
mf B SR S TIPS i TR A AR e R [+ st ) E ) 2 A
WF5E2 25, (H R L0 A R R A FR AR & A T
BEXT KR A 52 2 L B e, A TS Ak B 5 X LA S A
ah s MR L S R, FLE A R R AN IE R
o SEEERREL . REERREL . —IRBERRERZ 410 R
Sl FRBIE B DL A T o AR BIE T S P i B A - [ A v £
B TR, R KR I I TR R R 2 R B IR R 1 2 4
WA PRAE TR S

1 MR5ERZE

1.1 MRS

KRR A i B A S TR R T

4 FhEERRER IR A bR TR (R (PO ) . AR AR
(P,0;5) . ZRBEHAL(P;0,07) . = IiBEIAL(P;007), 4 Fli 1
e B2 1000 mg/L, {4 10 mmol/L & 4 Ak AH(NaOH)]
PO SMTHRIENII . PO, SMHTHRIEYI . P3Oy SMHThRME
Y . P3Oy A MTARUEYI TR (T S BEH 0 1000 mg/L, {44l
AN LETERL AR A T, WASFRAR B TARER R (LA N
i, BTEWE 100 mg/L, PETHER2ERE), —AHbi(E
JEa, AbniE s A RHE A IRA ), NaOH(IE KA, KET
KR AL A R A F)); KOH sl (T 2, £ H

Thermo Fisher Scientific /A F]).
12 E5RE
ICS-6000 &1 {4,1%{% (3 [# Thermo Fisher Scientific 2%

H)); IonPac™ AS11-HC @ﬁaﬁ‘i@ mmx250 mm), IonPac™
AG11-HC f£44E (4 mmx50 mm)(3% [H #4243 w]); AL-2041C
BT KPP O E 0.1 mg, B b 45 8- 305 £ 23 7)),
XM-P30H 4 75 I 1 BE AL/ 36 75 A (R L) A IR | T
3-30K B O HL(TE [ Sigma 23 F]); Nova U B4l KHL(E &%
O R B A E ) B 6% - M (ion
chromatography-reversed phase, IC-RP)[EAHZEEUE: (1 cc, K
HIAIR A HD .
1.3 XWHE
1.3.1 &#5H

{3 TonPac™ AS11-HC (4 mmx250 mm); {53k
TonPac™ AG11-HC (4 mmx50 mm); HBEH: KOH HBLmis
FERGE, BRI BERTIE] B KOH ¥k ¥ .36 1; Ji#: 1.0 mL/min;
TR E: 186 mA; AEi: 30 °C; #EEER: 50 uL.

#=1 HEKERIEE KOH RE

Table 1 Time of gradient elution and concentration of KOH

it A /min KOH ¥ /(mmol/L) HES

0 6 5
16.0 6 5
16.1 30 5
28.0 30 5
28.1 60 5
38.0 60 5
41.0 75 5
45.0 75 5
45.1 6 5
50.0 6 5

1.3.2 #enara#

B KRG RE SRR, IRA 5, FREC 2.5 g(Ff 2
0.1 mg)F 50 mL Z.0:4, A 30 mL 4K, 70 °CHE
B 30 min, &M% 5 min JREE—IK, R TERGE BRHEE
G R 50.0 mL LA, B4R B 10.0 mL F
15 mL .08, A 1 mL =& H%e, FToHRA, T4 °CF
8000 r/min 5.0 10 min, {FH#FI_ETHE, KYGETT IC-RP
[EFHAE TR L 0.22 pm K HEIERR, FFLFTTH 3 mL, WEES
VEMEBAEN . A 5 IR SR & B A R B, D R AR
T RIS AU PR T AE o

IC-RP [ AHZE B A AT 10 mL . 15 mL
7K, #E L 30 min,
133 0 &

TEASCAR B FERAS T I 2 o v V5 VR R A 8 o AR
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204310 BT R B RS AR BR(X, mg/L), WEIE BN AR(Y)S:
AR E £k . LA B B la] g vk, AMR e E i .
1.4 HEEAIE

WG Excel 2016 $EAT 8 1) S AFIELBR, FEXF
SEOOHCE A T AL BRAN S H

2 HER5HH

2.1 AIACIBEHROIERE
2.1.1 RRBEWLE

Y% GB 5009.33—2025 { &b T EEFRME &+
W AYEREE SAEBRE A E ) & GB 5009.256—2025 (£ ¥
ZARFEZFIRE BT 2T AL I E Y e, R
AR ER A BEBOCR FIRE A L 30 min J&, 7E 75 °C/K¥EH
HUE 5 min; BEERER ARICR A 80 °CHEAHEIX 30 min,
PRUE RN, HLW Rl IR 26 A0 05 R 6 AN 20 ff, AR BiF 9% SR B
70 °CiH HE L.
2.12 HEGILEAN T

AP A EOL . RIS, R AR
L. WHANEATENAE =RCm. =82m. =4%
i, L. ZWESE. SICERR262T1A0T T =R . —
A, AR BERRHT S UTE R A BRI E 45
R, S5 1 & BLE SRR AT & B BUR Y, —
LR R . ZHPEUESCR, H =R A=
RN 22 REIRER () g0 T . AMPREER T =
AW B, ZHEM WX 8 {UTESCR R, AP =&
AT IR E A R, B =8 W B a P 5K 02
B, ANt AL 2 BTt . POCR A = S H B /R 2R 1T
WA, ZMt5E, B 10.0 mL AR 3RBOR, A 1 mL =4 H
LEREE AT . IR TE & TITE .
2,13 HSmehsi

KRR S LT A R A 2, F = R BERR R R
S AR REGYYTE, T IC-RP FEAHZEBCH: AT L
B ER FrUARDIE R A =8 F 55 IC-RP B A B
HHES G R AT . DF9E R L5 IC-RP [BIAHAE O
JE A B R P8 W B, 28 0.22 pm K PEVE VRIS T
FTIE .
22 BERHAEE
221 kL HeyitdE

IR TR TR e B R R A B SUR RN B R E
TR ER 2% 2 VR IBE, Wi R b A Ml TR B, ] B AN [ T 25 1 i 1
AT BT B, AR F B B R Y

AR A B S O IR IR R Ve A 1, R
TFRAE A 4 BESLES . (D)W AN R EE 5 S 1b W i 43 B DR K,
A BISZE T 4 mmol/L A1 6 mmol/L KOH 25 B Vi i 45 4 .

M KOH kBl 4 mmol/L B, Wik 548 1
OY BRCRAERA, Ay BN 0.5, HLU&UES 11 B BRI,
S TR AR AR I . KOH B2l 6 mmol/L B,
AEF WA AT 08, & ER 1.7, ik
6 mmol/L fJ KOH.(2) PO,” Z££ /I, 20 mmol/L 1 25 mmol/L
i) KOH XHIEH BE Y PO AT LIASHFUEM, {2 PO YR EERY
IR Hi B A X R . 30 mmol/L 4 KOH & . ARk B (1)
PO HBREA VeI, H UG XIFR, Frik PO, Y UE I e
FERAE K 30 mmol/L, (3) P,O,*". P30,0> Fl P30¢° 143
B o JE P E TR IR B TR T B HE A, TR R
EUR R MR MR . KOH ¥ JE R 50 mmol/L B,
P;0,0° 1 P;0g> 43 B RUR AR FRAR, H. P30, (il I Hi 2,
60 mmol/L Wi feiX — B4 . (4)FF i HAh 2 i e e
f 5 2R A 75 mmol/L B IR PV Pk 5 min, # FRAR G HH:
b 28 53 I35 R g B R o 5 2R, ARE S R F B
FEWR G, BEORIES 40 A 3008, IR, AR T
HEA SIS A
222 ABMSLE

FEIR R 3 B AR . PRI A A R R 22—
ol R S PV T TR X A ORI B, R T, S
TR ER BRI B, RO R, A B ROR BT . H Y IR
T 35 °Cif, PO M BSHBOITIA I, H PO, . P30O¢
PO, i I I X FRPEAS 22 . ACBIESE 23R 7E 25 °CAI
30 SCE&MFTF AT/ 8. 25 °CINt, BSR4 41 /04 B8 It ] 45
30 °CHijE, {H P30,0° 1 P30 41/, H P30,> il
BN AR 5 2 Ay ES . 30 °CHE, % 443 IR AR,
P;0,0" FIZRIEAT RGBS, P3Oy° Fl P3O0° AFESHEN 1.6, BE
W SE R o T AASIF 58 Hr AR E 4 30 °C, 30 °CH, 4%
A0 s F T I LR 1
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1 B 7] /min
K1 NO,. PO, . P,O,*. P3Oy’ . P30y #£ 30 °ChE
T T
Fig.1 Ion chromatogram of NO, , PO43’, P,0,*, P30,
and P;0,°" at a column temperature of 30 °C
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B il — R 50 R B W E 9 NO, . PO . P04
P3010° . P3O* IR AR HEVE A TINAE, A4S 4150 10 i Bt
VS R B AR R (X, mg/L), U T AR 1 R AR AR (Y), 22
AR AE 2R L 3 5 17 e LL B 2 45 4143 O G BR(SIN>3) .
FBURE 2.5 g, SERZE 50.0 mL, ZFHI3HE NO, . PO,
P,0;*, P30y° . P3Oy WU FR A E SR, K 240 T

BT ERPETEE . LR . MRRE. B RAE
BIR WAERELAE 0.01~4.00 mg/L, 1EMERREL | MEBERREL .
—RBEIREL . “AmBEERELTE 0.10~40.00 mg/L YEFINE R
WM R, MERBIHIRT 0.999. ki R551H
0.06~0.60 mg/kg, E&MRHN 0.20~2.00 mg/kg, ZITHER
TR 5, BRAE T AR M FR T v S R kRN 22 R R &
FE AT HT IR

®2 KIMEEE. EMFREREERESESR

Table 2 Linear ranges, linear equations, limits of detection and limits of quantitation

TR 7 REF B A /min - ZMEVE Fl/(mg/L) 2k R R REL K B /(mg/kg) & HFR/(mg/kg)
NO,™ 15.587 0.01~4.00 Y=0.383X-0.0010 0.9996 0.06 0.20
PO 29.260 0.10~40.00 Y=0.171X-0.0201 0.9996 0.60 2.00
P,0,* 34.233 0.10~40.00 Y=0.193X-0.0293 0.9995 0.60 2.00
P;0,* 39.057 0.10~40.00 Y=0.199X-0.0293 0.9998 0.60 2.00
P;0y* 40.637 0.10~40.00 Y=0.160X-0.0349 0.9999 0.60 2.00

. vt o 30.0
2.4 FEARENERNEEZE 275l - =
9 >
o SN . . 3
WERAR UK BRI BE 5 2.5 @, WIMIE . L 75 3 Ak 250 % °
RORRIETNE, FEAITRRAT-FATINE 6 0, il 1.3.2 25 .l )
. N . o =200+ I
PR AR B EAT I, O RS R R R bR 2 B | 5
— 2] :
(relative standard deviation, RSD), 13 3 f7n. 455K H% 150!
2H 53 DR AE 89.4%~103.5% 2 [B], RSDs £ 1.4%~6.1%2 [A], % 12,5}
N \ s E I S
T A8 AT EER o A RRE s e i L DL 2 [ 3. = 100 3
7.5¢ e
#=3  KEEBAFAREMERKEEYLZE K RSDs (N=6) 50t S
Table 3 Recovery rates and RSDs at different spiking levels in 251 Z huw“ﬂ
ham sausage (n=6) 02 J ., -
FE ARl P P~ 0 10.0 20.0 30.0 40.0 50.0
RSDs/% ,f% [22] HTJ' l‘lﬂ/min
¥ /(mg/kg) /(mg/kg) 1% i
30 944 36 2 R T
NO, 5.0 6.0 102.0 1.8 Fig.2 Ion chromatogram of sample
30.0 101.2 1.6 30.0 -
N
200.0 97.2 6.1 27.5 3
sl' o
PO, 9073 400.0 101.6 42 250 d 4
225 & o,
800.0 103.5 3.2 2 LA
£ 20.0 5
40.0 96.8 1.4 2 175 R
P,0,* 322.4 200.0 98.6 3.0 = 15.0
i ~
400.0 101.9 1.9 g 125 SN
10.0 2 &2
40.0 89.4 5.1 g =
s 7.5 ke “09 R
P;0y0 ND 200.0 90.2 2.0 50 » o S;
400.0 91.4 2.6 25 Li }J I S A
40.0 2.5 2.6 -0.2 il
? 0 10.0 20.0 30.0 40.0 50.0
3
P30, ND 200.0 97.7 1.4 (Bl /min
400.0 103.0 1.9

TE: ND FonAMih . % 416

B3 R indR e T A

Fig.3 Ion chromatogram of spiked sample
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2.5 EBRMEmRNE
AW FER L3R5 5 TR 20 4 KR A RE A
FINO, . PO . PO, . P3O Ml P3Oy o KBl Al
SRl . SRR, ALY ERIRA B NE
SERWF 40 KA KBRI HE A WAE R R, ST EK
PR EARIE . PO, I PO, BEAG H, P3O,° T P3Og> HKGS
FOHH 70.0% . 65.0%. GB 2760—2024 { £ ihit 2%
PR B SRS IR R AR ) B 2 PRk A A 1 I,
PP S P R TR AR#ERIL 5.0 ghkg(Bh PO, 20 4
KRR A A 2 Oy PR X T g S A e A
ARG EHB A XFR . ACRENR, 1. & REEFERSFE
SRR, S WA R AR, f A e DA R Y AR
SRR, IS UL S P B R ER S PO
T4 KRR T RHE A S BB S B

Table 4 Content of nitrite and various phosphates in
ham sausages sample

FFEF S RIEE/(mgkg)  CFYIE/(mgkeg)  KHE/%
NO, 0.2~10.7 2.1 80.0
PO, 524.6~4939.1 3164.9 100.0
P,0,* 9.8~1539.7 384.0 100.0
P50’ ND~220.2 71.9 70.0
P30s* ND~149.5 53.5 65.0

3 Hit5iTie

ARG E N TR i B A T T AR - B (0 i ik )
Fist 00 K TR g v NIV i R R 2 Tl 1 % s A R U %,
FEXT TG 20 4 K BRIAAE S TR . 25 R KB, M T
RSttt , AT e ol 5, RO AR % R, WA
TR EL A Z R Rl e A3 . [EIEHE, TR AN,
FEVEAT PR R AR v, = SRl IR 5k A0 = Ml ol i s 7 (U v
FEACE AR 43 W S A%, wT REAE AT Ab BRER T I ¥4k
SRR —E B, P BURA B AKCE T BRI AR,
JE LT 855 PR T R IR R IDR A AT R % . AR
WG EEAT b, FTE— 24 R A S L, S ] PR o
S[R3 5 A e R 38 3% B S 1

HHEI GB 2760—2024 FXTZP I AR EL 5% I8
R o AR R, S SR A PR O A e IR A
PR ARTTHR o A 78 T BRI Hh ST 1R 2k A 22 Fh B R
LR RIBTI A, A AORR A i 2R U N e A WA AR
HET AR FECH S, TR O BT A e s
TREEIE SR IR T 4.
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