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Abstract

This study has been carried out to measure the amount of the daily intake by Korean on preservatives
(Dehydroacetic acid, Benzoic acid and p-Hydroxybenzoic acid asters) in foods. The amounts of preservatives
were determined by HPLC in foods such as butter, cheese, margarine, aloe gel, carbonated beverages, mixed
beverage, ginseng beverage, red ginseng drink, soy sauce, fruit and vegetable juices (except unheated fruit-
vegetable juice), vineger, seasonings, fruit and vegetables only on the peel, fruit wine, rice wine and
unrefined rice wine. The recovery ranges were found to be 99.2% for dehydroacetic Acid, 95.8% for benzoic
acid and 94.2~97.2% for p-hydroxybenzoic acid in foods, respectively. The data of average food intake for
each food items per capita per day were obtained from the report of national nutrition survey carried by the
Ministry of Health and Welfare in 1997. The detected number of samples and average intake range of
preservatives have been figured out to ND~290.0 ppm for dehydroacetic acid, ND~400.0 ppm for benzoic
acid and ND~93.9 ppm for p-hydroxybenzoic acid esters, respectively. Estimated daily intake (EDI) of each
additives per capita per day were shown as follows; 1.56 mg for dehydroacetic acid, 2.25 mg for benzoic
acid and 0.44 mg for p-hydroxybenzoic acid esters in total respectively and these values were evaluated to be
much lower than that of FAO/WHO's acceptable daily intake (ADI) 0~5 mg/kg b.w./day for benzoic acid and
0~10 mg/kg b.w./day for p-hydroxybenzoic acid esters.
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Table 1. Samples collected for analysis

769

Food Additives

p-Hydroxybenzoic acid esters

No. of

Name of samples samples dgzlc]zltic Bcnz.oic Fthg'l—,
i Acid Butyl- sobutyl-,
Acid y Isopropyl-,
Propyl-

Butter 21 @)
Cheese 36 ()
Margarin 24 e} o]
Aloe Gel 9 o}
Carbonated Beverages 18 ¢)
Mixed Beverages 42 e} O ¢}
Ginseng Beverage 6 O @) o)
Red Ginseng Drink 9 O ¢} O
Soy Sauce 75 e} @) e
Fruit and Vegetable Juices (Except unheated fruit-vegetable juice) 75 o) o) o
Vineger 69
Seasonings 18 o o)
Fruit and Vegetables only on the peel 42 @) O
Fruit Wine, Rice Wine, Unrefined Rice Wine 12 O
Total 456 o]

Table 2. Analytical conditions of GC

Table 3. Analytical conditions of HPLC

Instrument Hewlett Packard Co. Model 6890
Column HP-1 (25 m X 0.32 mm)
Detector FID
Inj. Temp. ("C) 230
Det. Temp. (°C) 250
Oven Temp. ("C) 120, 3 min — 185, 3 min (20/min)
Flow rate 1.5 mL/min
Split ratio 33:1
Inj. volume 2 uL
[
Butter,
Liquid Cheese, [ 30@
Margarine
Added MeOH
2~3 mL
with low heating
| Added H.O

I Extracted solution I

lDistillation '
|

Sample for HPLC

Fig. 1. Flow diagrm of the sample prepartion for
analysis of preservatives in foods.

Instrument Waters Co. M-510 solvent delivery sys-
tem, M-486 tunable absorbance de-
tector, M-746 data module

Column CAPCELL PAK Ci; (4.6 mm¢ X 25 cm, 5
Hm)

Detector UV 235 nm

Mobile phase 005 M NaH,PO, (pH 4.5):MeOH

H CHsCN
(50:30:20)
— 5 mM Cetyltrimethyl ammonium
bromide

Flow rate 1.0 mL/min

Chard speed 0.5 cm/min

Inj. volume 20 pL

Column Temp. 40°C
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{A) DHA(6S58ppm)  (B) POBE(7.64ppm)
R |— (C) SA(4.0ppm) {D) POBIP{11.52pprm)
T © (E) POBM{(798pom)  (F) BA(I1 88ppm}
378 (G) POBIB(1 S2ppm) (H) POBB(13.44ppm)
w
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Fig. 2. The HPLC Chromatogram of preservatives of
standard mixture.
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Table 5. Reproducibility of standard solution by HPLC

Table 4. Comparision of recovery rates by GC-FID

and HPLC method (Unit: %)

Standard solution GC-FID HPLC
Dehydroacetic acid 87.7 99.2
Benzoic acid 86.7 95.8
Butyl paraben 80.7 97.2
Isobutyl paraben 80.6 96.7
Ethyl paraben 75.9 94.2
Propyl paraben 79.4 96.7
Isopropy! paraben 83.5 95.4

ghxoll ok 7} REZ Eol iyl Abdl %58 4(RSD)
+ Table 50|4] H.i= nle} o] 0.29~0.692 <f538l 4
& nyc}.
AN ET T o3 Al EE 348-S
&3 A3} Table 6, 7 & 83} o] W3] =2 %A}k
98.1~99.5%, 9}A18FA} 98.2~99.2% o w}a}2 4] qkA]

Run (peak area)

Standard solution ’ 5 3 Mean (3) RSD (%) -
Dehydroacetic acid 393284 392842 395018 393715 0.29
Benzoic acid 616887 620696 615774 617786 0.42
Butyl paraben 616623 620451 622214 619763 0.46
Isobutyl paraben 541725 543026 546919 543890 0.50
Ethyl paraben 426430 428674 424042 426382 0.54
Propy! paraben 396557 399458 402014 399343 0.68
Isopropyl paraben 600801 604498 609101 604800 0.69

Table 6. Recovery rates of dehydroacetic acid added to the several foods by HPLC (Unit: %)
Sample 1 2 3 Mean (3) RSD

Butter 99.91 99.20 99.50 99.54 0.36

Cheese 98.40 97.80 98.20 98.13 0.31

Margarin 99.76 99.30 98.99 99.35 0.39

Table 7. Recovery rates of benzoic acid added to the several foods by HPLC (Unit: %)
Sample 1 2 3 Mean (3) RSD

Margarin 99.55 98.92 99.17 99.21 032

Carbonated Beverages 99.33 98.75 98.90 98.99 0.30

Soy Sauce 99.86 98.42 98.75 99.01 0.76

Fruit and Vegetable Juices 98.20 98.88 97.60 98.23 0.65

(Except unheated fruit-vegetable juice)

Table 8. Recovery rates of p-hydroxybenzoic acid esters added to the soy sauce by HPLC (Unit: %)
Preservatives 1 2 3 Mean (3) RSD

Butyl paraben 97.05 98.10 97.48 97.54 0.54

Isobutyl paraben 99.35 99.60 98.71 99.22 0.46

Etyl paraben 98.21 98.60 97.35 98.05 0.65

Propyl paraben 97.82 96.54 97.30 97.22 0.66

Isopropyl paraben 99.02 98.53 99.27 98.94 0.38
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Table 9. Average food intake for each food items per capita per day in different areas (Unit: g)
Area ' Utban area
Nationwide Rural Area
Food items Average Large city Small city

Oils and Fats (animal) 0.1 0.1 0.2 0.0 0.0

Cheese 0.2 0.2 0.2 0.1 0.0

Oils and fats (vegetable) 7.5 7.8 8.1 7.4 5.9

Carbonated Beverages 5.0 5.3 4.8 6.1 33

Soy sause 8.1 8.0 7.4 8.7 8.8

Vinegar 0.3 0.4 0.4 0.3 0.1
Table 10. Dehydroacetic acid level detected in each foods (Unit: mg/kg)

escription  No. of Detected Amount Min. Max. Ave.

Foods samples

Butter 21 ND x 21

Cheese 36 ND x 36 - - -

Margarine 24 ND x 3, 43.6, 45.0x2, 167.3, 168.0, 170.0, 1939, 1962, ND 290.0 208.4

198.0, 246.9, 250.1, 254.4, 256.3, 258.3, 260.0x 2, 262.0,
264.2, 268.1, 279.2, 290.0
Table 11. Benzoic acid level detected in each foods (Unit: mg/kg)
Description No. of Detected Amount Min. Max. Ave.
Foods samples
Fruit and Vegetable Juice 75 ND x 75 - - -
(Except unheated fruit-veget- ’
able juice)
Carbonated Beverages 18 ND x 18 - - -
Mixed Beverages 42 ND x 42 - - -
Ginseng Beverage 6 ND x 3, 340.0x 2, 344.9 ND 3449 341.6
Red Ginseng Drink 9 ND x 6, 399.0% 2, 400.0 ND 400.0 399.3
Soy Sauce 75 ND x 63.0, 157.5, 157.8, 158.0, 225.9, 226.0, ND 364.2 277.4
226.4, 360.0, 362.6, 362.8, 363.8, 364.0, 364.2

Aloe gel 9 ND x 3, 69.3, 70.0, 70.3, 208.0, 216.3, 219.1 ND 219.1 142.2

Margarine 24

ND x 24 - - -
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Table 12. p-Hydroxy benzoic acid esters level detected in each foods (Unit: mg/kg)
Description No. of Detected Amount Min. Max. Ave.
Foods samples
Mixed Beverage 42 ND x 42 _ _ _
Ginseng Beverage 6 ND X 6 - - -
Red Ginseng Drinks 9 ND x 9 _ _ _
Soy Sauce 75 ND x 24, 275, 280, 282, 31.5, 32.3, 327, ND 939 54.6

33.1, 33.2, 334, 344x%2, 348, 36.2, 365, 36.

8, 37.7x2, 380, 39.1, 39.5, 399, 485, 49.1,

49.7x2, 49.8, 50.8, 51.1, 51.6, 520, 576, 57.

7, 585, 66.9, 64.5, 64.7, 649, 674, 679, 77.

1, 77.8, 785, 850, 85.7, 86.4, 87.0, 88.0, 89.
6, 93.3, 93.6, 939

Seasonings 18 ND x 18 - - -

Fruit and Vegetables only on the peel 42 ND x 42 - - -

Fruit Wine, Rice Wine, Unrefined Rice Wine 12 ND x 9, 20.0, 23.0, 19.2 ND 23.0 207

Fruit and Vegetable Juicr (Except unheated 75 ND x 75 - - -
fruit-vegetable juice)

Vineger 69 ND X 69 - - -

Table 13. Comparison of the amount of daily intakes of dehydroacetic acid per capita per day in different areas

(Unit: mg)
District Urban area
Food Nationwide Rural area
oods Bases for Estimation Average Large city Small city
Regulation 0.05 0.05 0.10 0 0
Butter Max. Detection : - - -
Ave. Detection - - - - -
Regulation 0.10 0.10 0.10 0.05 0
Cheese Max. Detection - - - -
Ave. Detection - - - - -
Regulation 3.75 3.90 4.05 3.70 2.95
Margarin ~ Max. Detection 2,18 2.26 235 2.15 1.71
Ave. Detection 1.56 1.63 1.69 1.54 1.23
Regulation 3.90 4.05 4.25 8.87 295
Total Max. Detection 2.18 2.26 2.35 2.15 1.71
Ave. Detection 1.56 1.63 1.69 1.54 1.23

Table 14. Comparison of the amount of daily intakes of benzoic acid per capita per day in different areas

(Unit: mg)
District o Urban area
Nationwide - - Rural area
Foods Bases for Estimation Average Large city Small city

Regulation 7.50 7.80 8.10 7.40 5.90
Margarin ~ Max. Detection - - - - _
Ave. Detection - - - - -

Regulation 3.00 3.18 2.88 3.66 1.98

(}:31[3::;3‘:3 Max. Detection
85  Ave. Detection - - - -
Regulation 4.86 4.80 4.44 5.22 5.28
Soy Sauce Max. Detection 2.95 295 2.70 3.17 3.21
Ave. Detection 2.25 2.22 2.05 241 2.44
Regulation 15.36 15.78 15.42 16.28 13.16
Total Max. Detection 2.95 2.95 2.70 3.17 3.21

Ave. Detection 2.25 1.22 2.05 2.41 2.44




Hol g

g3 4

) 3L

FHE A

773

Table 15. Comparison of the amount of daily intakes of p-hydroxybenzoic acid esters per capita per day in different

areas (Unit: mg)
District Urban area
Foods Nationwide - - Rural area
0ds Bases for Estimation Average Large city Small city
Regulation 2.03 2.00 1.85 2.18 2.20
Soy Sauce Max. Detection 0.76 0.75 0.70 0.82 0.83
Ave. Detection 0.44 0.44 0.40 0.48 0.48
Regulation 0.03 0.04 0.04 0.03 0.01
Vineger  Max. Detection - - - - -
Ave. Detection -
Regulation 2.06 2.04 1.89 221 2.21
Total Max. Detection 0.76 0.75 0.70 0.82 0.83
Ave. Detection 0.44 0.44 0.40 0.48 0.48
Table 16. Assessment of dietary intake of preservatives
Preservatives ZEDI" ADI” ITMDI” EDVADI EDI/TMDI
(mg/man/day) (mg/man/day) (mg/man/day) (%) (%)
Dehydroacetic acid 1.56 3.90 - 40.08
Benzoic acid 2.25 275 15.36 0.82 14.65
p-Hydroxybenzoic 0.44 550 2.06 0.08 21.51

“EDI (mg/man/day)=Food intake (kg/man/day)X Preservatives contents in food (mg/kg).
“ADI is expressed in terms of mg/kg weight/day by a person of 55 kg.
TMDI (mg/man/day)= Food intake (kg/man/day)x Maximum level of use (standards for use) (mg/kg).
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