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Abstract Residual solvents in foods are defined as organic volatile chemicals used or produced in manufacturing of
extracts or additives, or functional foods. The solvents are not completely eliminated by practical manufacturing techniques
and they also may become contaminated by solvents from packing, transportation or storage in warehouses. Because residual
solvents have no nutritional value but may be hazardous to human health, there is a need to remove them from the final
products or reduce their amounts to below acceptable levels. The purpose of this study was to develop and evaluate an
analytical method for the screening of residual solvents in health functional foods. Furthermore, the aim of this study was
to constitute a reasonable management system based on the current state of the market and case studies of foreign countries.
Eleven volatile solvents such as MeOH, EtOH, trichloroethylene and hexane were separated depending on their column
properties, temp. and time using Gas Chromatography (GC). After determining the GC conditions, a sample preparation
method using HSS (Head Space Sampling) was developed. From the results, a method for analyzing residual solvents in
health functional foods was developed considering matrix effect and interference from the sample obtained from the solution
of solvents-free health functional foods spiked with 11 standards solutions. Validation test using the developed GC/HSS/MS
(Mass Spectrometry) method was followed by tests for precision, accuracy, recovery, linearity and adequate sensitivity.
Finally, examination of 104 samples grouped in suits was performed by the developed HSS/GC/MS for screening the
solvents. The 11 solvents were isolated from health functional foods based on vapor pressure difference, and followed by
separation within 15 minutes in a single run. The limt of detection (LOD), limit of quantification (LOQ), recovery and
coefficient of variation (C.V.) of these compounds determined by the HSS/GC/MS were found to be 0.1 pg/mL, 0.1-125 pg/
g, 51.0-104.6%, and less than 15%, respectively. Using the developed HSS/GC/MS method, residual solvent from 16 out
of 104 health functional products were detected as a EtOH. This method therefore seems to be a valuable extension of
analytical method for the identification of residual solvents in health functional food.
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1152] & ZFEL hexane, heptane, MeOH 12|31 methyl-
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Aol AFE-H 21 isopropanol(IPA, HPLC grade, Dae Jung,
SeouL, Korea), hexane, ethylacetate(EA) % methylenechloride
(MC) (HPLC grade, Burdick&Jackson, Ulsan, Korea), heptane
(HPLC grade, Tedia, OH, USA),
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Table 1. The number and the name of classified health functional
food of purchased samples in markets

Class of health Name of health
functional food functional food

No. of sample

1 Nutritional supplements 20
2 Ginseng products 2
3 Red ginseng products 6
5 EPA & DHA 10
6 Royal jelly 3
7 Yeast products 2
8 Pollen products 2
9 Squalene 3
10 Enzyme 1
11 Lactic acid bacteria products 2
12 Chlorella 2
13 Spirulina 4
14 Gamma linolenic acid 7
15 Germ oil 1
17 Lecithin 1
18 Octacoanol 2
20 Grape seed oil 2
21 Plant extract fermented food 1
22 Mucopolysacharides 1
23 Chlorophyll products 1
24 Mushroom products 1
25 Aloe and aloe vera 3
26 Plum extract 1
27 Soft-shelled turtle products 1
28 [B-carotene 2
29 Chitosan 1
30 Chito-oligosaccharide 1
31 Glucossamine 9
32 Propolis 1
33 Green tea extract 1
35 Phytosterole 1
36 Fructooligosaccharides 1
Banaba* 1
Co Q10* 1
Dietary fiber* 6

Total 104

*Product-specific
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Fig. 1. Gas chromatograms of 11 solvents within 13 min with the
DB-wax column
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Table 2. Elution order of 11 solvents at the DB-Wax and DB-
FFAP column

R.T. (min)/Elution order

Solvent

Gravity DB-Wax DB-FFAP
column column
Hexane 0.66 4.17 2.379
Ether 0.71 425 2418
Heptane 0.68 4.77. 2.715
Acetone 0.79 6.42 4.011
EA 0.90 8.24 5.421
MeOH 0.79 8.66 5.697
MEK 0.81 8.59 5.796
IPA 0.79 9.86 6.554
MC 1.33 9.64 6.782
EtOH 0.79 10.06 6.824
TE 1.46 12.37 8.547
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Table 3. MS condition of GC/MS at the DB-FFAP column
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MS parameter Analytical condition

HSS parameter Analytical condition

Syringe temp. 100
Agitator temp. 80
Incubation time 10 min
Sample agitator Agitate & Heat

Detector Quadrupole
Ionization EI
MS range 30-250 Da
Analytical time 0-15 min
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Fig. 2. Relative comparison of responses of 11 solvents at the
various temp. based on the gas chromatograms acquired at 80°C
of HSS
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Fig. 3. Relative comparison of responses of 11 solvents at the
various time based on the gas chromatograms acquired at 10
min of HSS
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Fig. 7. (a) Chromatogram (upper) and MS spectrum (lower) of hexane and (b) chromatogram (upper) and MS spectrum (lower) of MC

using HSS/GC/MS

Table 4. Linearity, reproducibility and accuracy data of 11 solvents using HSS/GC/MS

Solvent Slope Intercept R? Mean CV (%) Accuracy (%)
Hexane 14587000 1.12E+09 0.9793 1.7 100.9
Ether 21368000 4.64E+08 0.9939 2.7 100.1
Heptane 16697000 4.54E+08 0.9969 1.7 101.6
Acetone 19180000 2.56E+08 0.9979 5.1 101.5
EA 24156000 6.23E+06 1 9.3 99.3
MEK 21941000 4.63E+07 0.9999 10.5 98.1
MeOH 17690000 2.78E+08 0.9986 1.9 102
MC 24589000 1.04E+09 0.9923 32 103.6
IPA 24367000 2.70E+08 0.9987 139 97.4
EtOH 20573000 1.34E+08 0.9996 12.5 100.9
TE 36169000 -1.77E+08 0.9997 10.5 98.4
Overall mean 0.9961 6.6 100.4
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Fig. 8. (a) Library search data (left), MS spectrum (below of right) and signal to noise (upper of right) of TE, (b) 4 solvents and (c) 7

solvents in MS chromatogram
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Table 5. Signal to noise ratio (S/N) of GC and GC/MS at 0.1 ppm

S/N ratio
Solvent
GC GC/MS
Hexane 95 84.2
Ether 46 21.8
Heptane 53 66
Acetone 94 12.8
EA 25 234
MEK 46 19.8
MeOH 65 252
MC 23 29.2
IPA 34 8
EtOH 28 4.8
TE 11 30.6
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Fig. 9. Recovery data of 11 solvents in HSS/GC/MS chromatograms
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Fig. 10. Recovery data of 11 solvents in HSS/GC/MS chromatograms
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Table 6. Recovery data of 11 solvents in HSS/GC/MS
chromatograms

Solvent Recovery mean (%) CV (%)
Hexane 98.2 3.8
Ether 97.0 1.3
Heptane 93.1 1.7
Acetone 96.9 3.7
EA 95.0 15.4
MEK 104.6 6.2
MeOH 51.0 38.1
MC 90.6 0.5
IPA 93.1 23
EtOH 80.9 0.0
TE 94.3 3.1
Overall mean 90.4 6.9

Table 7. HSS results of the EtOH in the detected samples

Class of health functional food EtOH (ppm)

1.2

3

.. 6

Nutritional supplements .

8

8

Red ginseng products 9.7
Royal jelly 0.2
Yeast products 0.8
Gamma linolenic acid 0.4
Pollen products 1.7
Lecithin 18.9
Spirulina 214
Lactic acid bacteria products 2.1
Octacoanol 5.0
Aloe and aloe vera 9.6
. 21.5
Glucossamine 316
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