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Simultaneous determination of preservatives in sausages using liquid
chromatography with electrospray ionization tandem mass spectrometry

Ba-Ra-Da Koh, Ji-Yeon Kim, Mi-Sun Jang, Doo-Ri Seo, Bo-Ram Jung, Ji-Hyun Shin,
Jin-Taek Lim, Yong-Hwan Kim*, Eun-Sun Kim
Health & Environment Research Institute of Gwangju, Gwangju 500-210, Korea

(Received 20 June 2015; revised 23 June 2015; accepted 25 June 2015)

A simultaneous determination method was developed for nine preservatives (benzoic acid, sorbic acid,
dehydroacetic acid, methyl-, ethyl-, isopropyl-, propyl-, isobutyl- and butyl-parabens) in sausage by lig-
uid chromatography with electrospray ionization tandem mass spectrometry (LC/ESI-MS/MS). Each pa-
rameter was established by multiple reaction monitoring in negative mode. Separation was achieved on
a phenyl-hexyl (2.5 pm, 2.1x150 mm, Waters) with A-20 mM ammonium acetate containing 0.1% ace-
tic acid in water, B-Acetonitrile as mobile phase with gradient mode at a flow rate of 0.3 mL/min. The
developed method was validated for specificity, linearity, accuracy and precision in sausages samples.
Linearity was over 0.998 with calibration curve of the mixed standards. The mean recoveries from sau-
sages fortified at the level of 2.0~10.0 mg/L were in range of 98.60~109.16% with RSDs lower than
8.93%. The limits of detection (LOD) and the limits of quantification (LOQ) were in the range between
0.0003~0.085 mg/L and 0.01~0.257 mg/L, respectively. Intra-day precision and inter-day precision
were 0.45~6.16% and 2.81~13.33%, respectively. Using presently developed determination method, 33
field sausage samples from Gwangju city in Korea were screened over nine preservatives. As a result,
no preservatives were detected in all samples.

Key words : Sorbic acid, Paraben, Preservative, Sausage, LC/ESI-MS/MS
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[ Sample homogenization ]

1. Measure 1 g sample into 50 mL mass flask
2. Add 40 mL of 85% MeOH

( sample 1 g + 85% MeOH |

3. Extraction sample for 30 min
4. Make up to 50 mL with 85% MeOH

[ Extraction ]

5. Transfer solution to a separate 50 mL centrifuge tube
6. Centrifuge sample at 3,000xg for 10 min

7. Filter through a 0.45 pm filter
\ 4

[Centrifugation & ﬁItration]

8. Inject into LC-MS/MS

( LC-MS/MS ]

Fig. 1. A schematic overview of 85% methanol screening method.
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Table 1. Condition of LC for the analysis of preservatives

Description Condition

Xseleet™ CSH™ phenyl-hexyl
(2.5 pm, 2.1x150 mm)
Column temperature ~ 40°C

Column

Injection volume 10 uL
Flow rate 0.3 mL/min
Mobile phase A: 20 mM ammonium acetate containing

0.1% acetic acid in water
B: Acetonitrile

Gradient Time A (%) B (%)

0 85 15
5.5 65 35
13.5 65 35
14.0 20 80
16.0 20 80
16.1 85 15
18.0 85 15

Table 2, Main operating parameters of the LC-MS/MS

Parameters Value
Ion source Turbo spray
Ion polarity ESI negative
Curtain gas 12.0
Collision gas Medium
Ionspray voltage —4,500 V
Temperature 500°C
Ion source gas 1 35.0
Ion source gas 2 40.0
Entrance potential —10
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Table 3. MRM transitions and analyte-related mass spectrometry parameters

Analyte RT Ion transition Declustering Collision energy  Cell exit potential Ion ratioT
(min) (m/z) potential (V) ) (%) (%RSD)
Benzoic acid 4.00 120.9>76.9* —25 —18 —13 2.5(18.0)
120.9>92.8 —25 —16 —15
Sorbic acid 4.34 111.0>66.9 —40 —12 -7
111.0>83.0 —40 —-12 =7 806.1 (14.7)
Dehydroacetic acid 543 166.8>82.9 —20 —18 —21 353(3.1)
166.8>122.9 —20 —14 —17
Methyl paraben 545 150.8>91.8 =70 —28 -7 70.8 (2.3)
150.8>135.8 =70 —18 -9
Ethyl paraben 7.04 164.8>91.8 —60 —28 —17
164.8>136.9 —60 —16 =5 81.3(1.6)
Isopropyl paraben 8.73 178.9>92.9 —88 —18 —11 358(24)
178.9>136.9 —88 =30 —20
Propyl paraben 9.11 178.9>91.9 —80 —28 =7 52.3(2.5)
178.9>135.8 —80 —22 -9
Isobutyl paraben 12.09 192.9>91.9 —65 —32 —15 60.2 (1.4)
192.9>135.8 —65 —22 —20
Butyl paraben 12.54 192.9>91.9 —68 —30 -9 56.1(1.7)
192.9>135.9 —68 —22 —11

*Transition in bold : MRM used for quantification. TQualiﬁer/ quantifier transition ratios. Average ion ratio%trelative standard deviation%, base on

n=18 for each analyte.
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Fig. 2. Selected ion chromatograms of sorbic acid spiked in a blank
sausage sample at 10 mg/L (A), 5 mg/L (B) and 2 mg/L (C).
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Fig. 3. Chromatogram of preservatives by LC-MS/MS. Total ion chromatogram of nine preservatives (A), benzoic acid (B), sorbic acid (C), de-
hydroacetic acid (D), methyl paraben (E), ethyl paraben (F), isopropyl paraben (G), propyl paraben (H), isobutyl paraben (I), butyl paraben (J) ob-
tained by injecting a standard mix solution at 1.25 mg/L concentration level.
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Fig. 4. Recovery data and % matrix effects data for nine preservatives obtained using extraction procedure with distillation method (A) and SPE
method (B) (#n=6). Mean % recovery for preservatives spiked in sausage at 10 mg/L, 5 mg/L and 2 mg/L concentrations. The error bars are standard

deviations.
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paraben 87.0~100.3%% X113}t o] AFH A HolA= eSS o83 o Yetyd o] d2A
Sep-Pak”™ Ci5 7FEE] RS 0]88F paraben] 3]4% 7te] # = broadeningy} FA HAFo] YERLER] QFGk
15.74~78.94%%t}t  Tsuruda S5(2013)0] HI13h t}. wjeba] 9Fo] HEF | i3t HiE]4eS 98.60~
OasissWAX 7IEE|Z]E o]83t 3|480] =& A 109.16%, A EFEHA= 0.80~8.93% 12|11 A&
£ B3tk ojA2 EA o] AMdEA]7] ol Tz —5.64~1026%% RAMEG oW, T2 A= A
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Fig. 5. Mean recovery and matrix effects obtained using ethanol extraction (n=6). Mean % recovery and matrix effects for preservatives spiked in
sausage at 10 mg/L (A), 5 mg/L (B) and 2 mg/L (C) concentrations. The error bars are standard deviations.
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Fig. 6. Mean recovery and matrix effects obtained using ethanol extraction (7=6). Mean % recovery and matrix effects for preservatives spiked in
sausage at 10 mg/L (A), 5 mg/L (B) and 2 mg/L (C) concentrations. The error bars are standard deviations. BA: benzoic acid, SA: sorbic acid, DHA:
dehydroacetic acid, MP: methyl paraben, EP: ethyl paraben, IPP: isopropyl paraben, PP: propyl paraben, IBP: isobutyl paraben, BP: butyl paraben.
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5(2012)2 o] ALl F U 85% MeOHE ©]
43k A7 HAEo] 2%t 6% parabeno] FpE
89.41~99.3% HYZ olH A AT} AN ATS
Husioh AR AAZE %’46 21 APAIRS
20 Aot Adsintan Bastglon, o Ao
A o FAo whel 308 ot AEE AR sk
t}. Zu-xiang 5(2011)2 BAQ} SAS] 3]|48o 84~
98%2} 82~96%& R 15} T},

25 9F9] FFFEAMS LC-MS/MSE HA35}o]
44 A3t Table 49} o] 2 AFAle]
)= 0.998 ojakoz o XA UER]
¢t} LOD2}F LOQ+= BA 0.008 mg/L, 0.025 mg/L, SA
0.085 mg/L, 0.257 mg/L, DHA 0.009 mg/L, 0.026 mg/L
2 YEeEhgon, 1 9 629 parabenF 2] LODL} LOQ

Table 5. Accuracy and precision of quality control samples

+ Table 49]- ety Zu-x1ang
mg/kg® &2 W3} T} Tsuruda

Z(2011) BA9} SA9]
= Z+7F 0.4 mg/kgT} 0.5
5(2013)0] RAFGE K

Table 4, Linearity, LOD and LOD of nine preservatives

2 LOD LOQ
Analyte Slope Intercept v (me/L) (mg/L)
BA 2,289,875 5,760 0.9998  0.008  0.025
SA 24347 626 0.9986 0.085  0.257
DHA 2,437,968 6,361 09996 0.009  0.026
MP 53,803,690 5,533 0.9999  0.0003  0.001
EP 46,535,00 4347 1.0000  0.0003  0.001
IPP 12,674,782 1,271 0.9998  0.0003  0.001
PP 57,482,985 5,867 0.9999  0.0003  0.001
IBP 80,284,852 7,496 1.0000  0.0003  0.001
BP R2.437,621 14,700 0.9999  0.001  0.002

The calibration curves were constructed with a six-point concen-
tration range of 0.031 ~1.0 mg/L for BA & DHA, 0.25~8.0 mg/L
for SA and 0.003 ~0.1 mg/L for 6 paraben. Obtained from repeated
injections (#=6) of the standard solutions.

Intra-day (n=6)

Inter-day (n=3)

Concentration
Analyte
(mg/L) Mean (mg/L) Recovery (%) RSD(%)  Mean(mg/L) Recovery(%)  RSD (%)

Benzoic acid 10 9.44 94.35 1.91 9.50 94.95 7.39
5 5.23 104.67 1.55 5.32 105.98 4.89

2.09 104.55 1.33 2.07 103.40 2.81

Sorbic acid 10 9.71 97.08 4.65 9.78 97.79 4.05
5 5.16 103.18 224 5.20 103.32 345

2.13 105.58 6.16 2.16 108.19 8.73

Dehydroacetic acid 10 9.54 95.41 527 9.63 96.28 6.13
5 5.51 109.94 1.47 4.84 97.63 5.18

2.16 108.13 3.06 2.02 100.85 3.96

Methyl paraben 10 9.89 98.93 4.47 10.58 105.80 11.74
5 5.11 102.09 0.89 4.90 101.97 8.34

2.01 100.36 0.59 1.95 97.71 741

Ethyl paraben 10 9.72 97.23 1.34 10.52 105.28 7.61
5 5.14 102.89 1.23 4.94 102.10 7.99

2.00 100.18 0.92 2.02 100.89 5.59

Isopropyl paraben 10 9.61 96.07 1.64 10.67 106.66 13.33
5 5.16 103.27 1.46 498 104.33 11.09

2.03 101.68 1.03 1.95 97.39 7.45

Propyl paraben 10 9.51 95.09 2.17 10.57 105.71 7.28
5 5.12 102.40 0.45 4.88 102.55 10.74

2.03 101.42 0.74 1.91 95.64 6.02

Isobutyl paraben 10 9.83 98.32 1.46 10.40 104.00 431
5 5.02 100.36 0.91 5.03 103.97 6.49

1.98 98.78 1.41 2.03 101.60 5.61

Butyl paraben 10 10.01 100.11 1.78 10.46 104.56 4.71
5 5.02 100.36 1.37 5.24 106.60 7.13

2 1.99 99.69 1.83 1.99 99.57 543
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&S 315l tHTable 5). 3482 BA 9435~
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BP 99.57~104.56%0] Q1.1 9% WET o that Ay
A EEHAHRSD%) 7} 6.160|5F, L7t A EEHA}
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