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The effective carbon number (ECN) concept can estimate FID response factors 
of garlic sulphides with good accuracy and the incorporation of such factors 
is necessary for the precise quantitative analysis of garlic sulphides. A GLC 
procedure using CI8 cartridge liquid solid phase extraction was developed to 
analyse sulphide content in garlic oil based health products. Diallyl disulphide, 
allyl methyl trisulphide and diaUyl trisulphide were found to be the three major 
sulphides, contributing about 600 mg gq in the oil. The garlic oil based health 
products examined in this investigation had a very similar sulphide profile to 
that of pure garlic oil. The total garlic oil content in these products may thus be 
estimated by relating individual sulphide weight per cent in the products to their 
composition in garlic oil. Such an estimation was found to be useful and reliable 
in order to check the manufacturer's label claims of garlic oil contents. 

INTRODUCTION 

Garlic has been recognised since ancient times as a 
flavouring agent for food but also for its medicinal 
properties. Over recent years, a variety of garlic based 
health products has become available on the market. 
The claimed health advantages of these garlic products 
has generated a great interest in and a need for analyti- 
cal methods to evaluate their quality. 

The prime active component in garlic and its health 
products is suggested to be allicin but also involved are 
its degradation products, a range of sulphides. The in- 
tact garlic bulb is odourless, but when it is cut and/or 
homogenized, the active enzyme system alliinase con- 
verts alliin (S-allyl-L-cysteine sulphoxide) into allicin 
(diallyl thiosulphinate) (Stoll & Seebeck, 1948). Allicin 
is not a stable compound and readily degrades via sev- 
eral pathways to form the secondary products of vari- 
ous sulphides (Brodinitz et al., 1971; Block, 1985), con- 
tributing the characteristic flavour and odour of garlic. 

HPLC methods have been reported for the analysis 
of garlic products (Jansen et al., 1987; Mochizuki et al., 
1988; Ibefl et al., 1990). The advantage of HPLC anal- 
ysis is that the method utilises no heat and is unlikely 
to cause thermal damage to any compound in garlic 
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products during analysis. However, the relatively low 
resolution and lack of universal detection system for in- 
dividual sulphides limit the use of the method, and 
therefore it is mainly used for the analysis of alliin and 
allicin. 

GC methods have also been proposed for the analy- 
sis of secondary sulphides in garlic products. Several 
studies have reported the use of packed column GC 
(Saito et al., 1989) and, more recently, capillary column 
GC (Yu & Wu, 1989) and various sulphides have been 
identified as being present in garlic oil (Laakso et al., 
1989; Yu & Wu, 1989). However, these studies mainly 
investigated the profiling of garlic sulphides and their 
identification using GC/MS. The quantitative analysis 
has not been thoroughly studied. For example, garlic 
oil is normally formulated with vegetable oil in health 
products and research is needed to investigate the re- 
covery of garlic sulphides before GC analysis. 

The profiling of garlic normally uses a flame ionisa- 
tion detector to determine their contents. The FID re- 
sponse of hydrocarbons is generally proportional to the 
mass of carbon present in the compounds. Compounds 
that contain, for example, oxygen, nitrogen, halogens 
or sulphur give varied responses. Further research is 
needed to determine/predict FID response factors for 
garlic sulphides and to develop a quantitative method 
to incorporate these factors in order to assess the qual- 
ity of garlic products more accurately. 
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This investigation reports the development of a com- 
mercially viable GLC method for the analysis of garlic 
oil based health products. 

MATERIALS AND METHODS 

method development) were extracted with 3 ml por- 
tions of acetonitrile several times. 0.1 ml (10 mg ml-0 
internal standard (dipropyl disulphide) was then added 
to each acetonitrile extract and they were centrifuged at 
5000g for 10 min to separate residual (sunflower) oil in 
the extracts before GC analysis. 

Material 

Sulphide standards, diallyl sulphide (purity 97%), dial- 
lyl disulphide (purity 80%), dimethyl disulphide (purity 
98%), and dipropyl disulphide (purity 99%) were pur- 
chased from Fluka Chemicals Ltd; and allyl methyl sul- 
phide (purity 98%), diethyl disulphide (purity 99%) and 
dibutyl disulphide (purity 98%) were obtained from 
Aldrich Chemical Company Ltd. Garlic oil was sup- 
plied by Seven Seas Health Care Ltd, Hull, UK. 

GLC analysis 

A Perkin-Elmer 8420 GC with DBwax column (30 m x 
0.32 ram, film thickness 5 /an )  was used for the analy- 
sis. The carrier gas was helium at 22.5 psig. An on-col- 
umn injection mode was used with an injection volume 
of 0.2 /zl. The following temperature programme was 
used: 

2oc min-I 15oc min-l 
55°C (10 min) ~.. 150°C ,220°C (10 min) 

Sample preparation for garlic oil 

About 20 mg garlic oil was accurately weighed into a 
sample bottle and 2 ml iso-octane (containing 2 mg 
dipropyl disulphide as internal standard for quantita- 
tive estimation ) was then added. 

Sample preparation for garfic oil based health products 

Direct acetonitrile extraction 
Three grams of garlic oil based health products (or 
sunflower oil and garlic oil mixture in the study of 

Solid phase extraction 
Garlic oil based health products (or sunflower oil and 
garlic oil mixture in the recovery study) (0.8 ml) were 
directly applied to a C,s solid phase cartridge (Waters). 
Sulphides were eluted with 3 ml acetonitrile and 0.1 ml 
(10 mg ml-0 internal standard (dipropyl disulphide) 
was then added to the eluate. The eluate was cen- 
trifuged for 10 min at 5 000 g (to remove any sunflower 
oil residue in the eluate) and 0.2 ~1 supernatant was 
directly injected into the GC for analysis. 

RESULTS AND DISCUSSION 

Prodiction of FID response factor for garlic sulphides 

The concept of effective carbon number (ECN) is fre- 
quently used in the prediction of FID response factors 
in GC analysis. The systematic prediction of FID re- 
sponse factors for sulphides has not been reported al- 
though FID is commonly used to determine the profile 
of sulphides in garlic oil quantitatively. In this investi- 
gation, it was found that the number of sulphur atoms 
present does not change the ECN of garlic sulphides 
(Table 1). Since dipropyl disulphide is most commonly 
used as an internal standard to determine garlic sul- 
phide content, the relative FID response factors of gar- 
lic sulphides to this internal standard are calculated 
and listed in Table 1. This prediction was verified using 
several sulphides (Table 1). 

The values determined showed good agreement with 
those predicted. If RRF is not incorporated into the 
analysis of garlic sulphides, the sulphide profiling can- 

Table 1. Relative FID reslmme factor of garlic ~ to dil~pyl ilsailJide 

Sulphide Molecular weight Carbon number RF RF determined Error in prediction (%) 

Dipropyl disulphide 150 6 1.000 
Dimethyl disulphide 92 2 1.840 
Diethyl disulphide 122 4 1.220 
Dibutyl disulphide 178 8 0.890 
DiaUyl sulphide 114 6 0.760 
Allyl methyl sulphide 88 4 0-880 
Diallyl disulphide 146 6 0-973 
Allyl methyl disulphide 120 4 1.200 
Dimethyl trisulphide 126 2 2.520 
Diallyl trisulphide 178 6 1.187 
Ailyl methyl trisulphide 152 4 1.520 
Allyl propyl disulphide 148 6 0.987 

1-000 0.00 
1.772 -3.70 
1.187 -2.70 
0.899 1.01 
0.783 3-03 
0.899 2.16 

NB: results were means of three determinations. All the results had a standard deviation of less than I%. 
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not be accurately determined and the sulphide content 
may be underestimated, since most garlic sulphides 
have a RRF greater than 1. 

Various sulphur containing compounds have been 
reported to be present in garlic oil (Yu & Wu, 1989; 
lberl et al., 1990). In this study, eight sulphides have 
been positively identified in samples of garlic oil. Table 
2 illustrates their weight contents and RRF. The total 
sulphide content increased from 650 to 797 mg g4 
when RRF was incorporated into the calculation. The 
three major sulphides (diallyl disulphide, allyl methyl 
trisulphide and diallyl trisulphide) contribute nearly 
600 mg g-t increase compared with the uncorrected 
content. This clearly indicates the importance of incor- 
porating the RRF into the calculation of garlic sul- 
phides. 

Development of a method for garlic oil products 

In the analysis of garlic oil based health products, one 
major difficulty is the sample preparation. There are 
several reports investigating the profiling of garlic oil 
using either ~ or HPLC. However, these studies 
mainly coucentrate on the qualitative identification of 
garlic sulphur containing compounds or some quantita- 
tive investigation by exploring the relative percentage 
of these sulphides in garlic oil. Transfer of the analyti- 
cal method for pure garlic oil to health products (which 
are complex mixtures) needs considerable modification. 
A sample preparation method to extract the active sul- 
phur containing compounds from the product mixture 
is required. 

In the garlic based health product market, one of the 

Table 2. Suipidde contents of garlic oil 

RRF Corrected % Change to 
weight content uncorrected 

(rag g4) weight 
content 

1. Dimethyl disulphide 1.840 33.9 +84.3 
2. Diallyl sulphide 0-760 23-0 -23.8 
3. Allyl methyl disulphide 1.200 82-9 +20.0 
4. Dimethyl trisulphide 2.520 60.0 + 152.0 
5. Diallyl disulphide 0.973 186-7 +2.7 
6. Allyl methyl trisulphide 1.520 190.9 +52.0 
Z Allyl propyl trisulphide 1.205 24.5 +2.1 
8. Diallyl trisulphide 1-187 195.2 +18.7 

Total sulphides 797.1 

The weight content was calculated as follows: 

corrected weight content (mg g4) = 

x 1000 x RRF 
A~ x Wtmoe 

where A ~  ~ = peak area of sample sulphide; Ai~ = 
peak area of iatemai standard; Warn ~ = sample weight (mg); 
and Wi, = weight of internal standard (mg). 

major formulations is oil based capsules. To extract 
garlic sulphides from the product oil mixture (normally 
garlic oil/vegetable oil), one commonly used procedure 
is direct polar solvent extraction using acetonitrile. 
When garlic oil and vegetable oil were mixed in a ratio 
of 15 mg (garlic oil) to 3 g (vegetable oil) and extracted 
with a polar solvent (acetonitrile), it was found that the 
first extraction only recovered about 30-40°/o of the sul- 
phides with the rest still remaining in the vegetable oil. 
Moreover, recoveries varied with different sulphides. 
For example, dimethyl trisulphide and diallyl sulphide 
had the highest recovery (about 40o/o), while the two 
main sulphides, diallyl trisulphide and allyl methyl 
trisulphide, had a recovery of only about 30%. Up to 
five extractions were necessary to achieve a near com- 
plete recovery. Consequently, in the sample preparation 
for this analysis of oil based products, the sample was 
extracted five times with acetonitrile and all the extracts 
were combined ~ind any internal standard added fol- 
lowing this but before GC analysis. This sample prepa- 
ration method provides a reasonable recovery of sul- 
phides from oil mixtures and can therefore 
be used for the analysis of oil based products. 
However, the method was very time consuming and 
in view of this, an alternative preparation method was 
developed. 

Solid phase extraction is quite commonly used in 
sample preparation for GC analysis to remove contam- 
inants before injection on to a GC column. In this pre- 
sent study, it was found that solid phase extraction 
could be very useful in the sample preparation of the 
oil based products. Several types of solid phase extrac- 
tion cartridges (silica and Cis) were tried. It was found 
that the direct application of an oil nfixture (0.8 ml) to 
Cm8 cartridge followed by eluting with (3 ml) acetoni- 
trile was very efficient in recovering sulphides from 
garlic oil and vegetable oil raixtures. A recovery of 
more than 90% can be achieved with this easy tech- 
nique (Table 3). The method can be used for the analy- 
sis of oil based garlic products and the reported results 
of analysis in this study were obtained using this 
method. 

Table 3. Percealage recovery of ~ frem garlk ell aml 
vegetable oil mixture miag Cj, ea r t r i~  

Recovery (%) 

Dimethyl disulphide 114 (9.0) 
Diallyl sulphide 88 (4.9) 
Allyl methyl disulphide 94 (3.6) 
Dimethyl trisulphide 90 (4.5) 
Diallyl disulphide 94 (5.3) 
Allyi methyl trisulphide 88 (4.0) 
Allyl propyl trisulphide 92 (8.7) 
Diallyl trisulphide 91 (6.2) 

NB: results are means of three experiments and figures in 
parathensis are standard deviations. 
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Garlic oil based health la~laets 

Several garlic oil based products have been analysed 
for their sulphide profile and content and the results 
are listed in Table 4. In general, the products have a 
similar profile of sulphides to that of pure garlic oil and 
the three major sulphides were again found to be dial- 
lyl disulphide, allyl methyl trisulphide and diallyl trisul- 
phide. Similar results have also been reported in other 
studies (Lawson et al., 1991). The garlic oil content in 
the products may thus be estimated by assuming that 
the composition of the oil is the same as in the pure 
garlic oil (very likely to be true) and the garlic oil con- 
tent can thus be calculated by the content of a particu- 
lar sulphide and its weight percentage related to that in 
the pure garlic oil (Table 4). All the results were cor- 
rected with RRF. The value for any single sulphide can 
be used to calculate the total garlic oil content but it is 
recommended that values for the three major sulphides, 
diallyl di- and trisulphides and allyl methyl trisulphide 
are used to give a more accurate average result. When 
the three major sulphides were chosen to calculate the 
garlic oil content of the products, it was found that the 
calculated garlic oil content of the examined garlic 
products was very similar to the manufacturer's 
claimed values of garlic oil content in the products. 

CONCLUSION 

The FID response factors of garlic sulphides can be 
predicted using the effective carbon number concept 
and the incorporation of a relative response factor to 

an internal standard (dipropyi disulphide) was neces- 
sary in the quantitative analysis of garlic sulphides. The 
developed GC method using CI8 cartridge solid extrac- 
tion as the sample preparation procedure can provide a 
rapid and reliable method applicable in most laborato- 
ries for the confirmation of claims of garlic oil content 
of products. 
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