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Summary Background Salicylic
acid is a chemical signal in plants
infected by pathogens and it is re-
sponsible for the anti-inflamma-
tory action of aspirin. Patients who
take aspirin have a reduced risk of
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Introduction

Despite the scarcity of scientific comparisons of their
chemical constituents, it is widely perceived that organic
foods are safer and more nutritious than non-organic
foods. Salicylic acid is present in many foods derived
from plants [1], where it functions as a chemical signal
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developing atherosclerosis and col-
orectal cancer, both of these
pathologies having an inflamma-
tory component. Dietary salicylic
acid may help to prevent these con-
ditions. We wondered if foods
made from organically-reared
plants might have a higher content
of salicylic acid than those made
from non-organic plants, since the
latter are more likely to be pro-
tected from infection by the appli-
cation of pesticides. Objective To
determine if organic vegetable
soups have a higher salicylic acid
content than non-organic vegetable
soups. Methods The contents of sal-
icylic acid in organic and non-or-
ganic vegetable soups purchased
from supermarkets were deter-
mined. Salicylic acid was identified
by varying the chromatographic
conditions and comparing the re-
tention times of the unknown sub-
stance in the extracts with salicylic
acid; by treating extracts of the
soups with salicylate hydroxylase;
and by using GCMS. Salicylic acid
was determined by using HPLC

with electrochemical detection.
Results Salicylic acid was present in
all of the organic and most of the
non-organic vegetable soups. The
median contents of salicylic acid in
the organic and non-organic vege-
table soups were 117 (range,
8-1040) ng - g™' and 20 (range,
0-248) ng - g! respectively. The or-
ganic soups had a significantly
higher content of salicylic acid
(p=0.0032 Mann Whitney U test),
with a median difference of 59 ng -
g7 (95% confidence interval,
18-117ng - g™!). Conclusions Or-
ganic vegetable soups contained
more salicylic acid than non-or-
ganic ones, suggesting that the veg-
etables and plants used to prepare
them contained greater amounts of
the phenolic acid than the corre-
sponding non-organic ingredients.
Consumption of organic foods may
result in a greater intake of salicylic
acid.
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whose concentration is increased when plants become
infected by pathogens [2]. Foodstuffs produced from
plants reared organically, which are not protected by the

salicylic acid.

application of pesticides, may therefore contain more

In a recent study we showed that salicylic acid is a
normal constituent of serum in individuals not con-
suming salicylate drugs [3]. We also reported higher
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serum concentrations of salicylic acid in vegetarians
than in non-vegetarians, and found that there was over-
lap in the serum salicylic acid concentrations of the veg-
etarians and patients taking low dose aspirin [4]. These
results indicate that dietary fruits and vegetables are a
source of salicylic acid, an anti-inflammatory com-
pound that may be responsible for some of the health
benefits of a diet rich in fruits and vegetables [5]. By
measuring the salicylic acid content of various organic
and non-organic soups made from plants or plant prod-
ucts, we now test the hypothesis that food prepared from
organically grown vegetables contains more salicylic
acid.

Methods

We examined 2 non-organic home-made soups, and 22
different non-organic and 11 organic vegetable soups
(Table 1) obtained from supermarkets and shops in
Dumfries, Scotland. The soups were homogenised (Ul-
tra-turrax) for 5min and portions (1g) were acidified
and extracted; the substances extracted were separated
by HPLC and salicylic acid was quantified electrochem-
ically, according to our method for determining the acid
in serum [4].

The identity of the substance present in the extracts
of the soups which eluted at the retention time (Rt) of
salicylic acid was investigated by 1) altering the chro-
matographic conditions, by using isocratic elution with
methanol (50 % vol/vol) in citrate buffer, 30 mmol/l, pH
4.0 (mobile phase A from the above method), 2) treating
extracts of three soups with salicylate hydroxylase, an
enzyme which catalyses the conversion of salicylic acid
into catechol, as described previously (3), 3) collecting
the fraction that was eluted from the HPLC column be-
tween 1 min prior to and 1 min after the Rt of salicylic
acid, with the detector switched off. The material eluted
was treated with 2ml of acetyl chloride in methanol
(300l of acetyl chloride added to 10ml of methanol
containing 0.1 % water) and the mixture was heated at 60
°C for 2h and then evaporated at 60 °C with a stream of
nitrogen. The residue was dissolved in ethyl acetate
(2ml) and portions (1ul) applied to a GC column; DB-5
capillary column (30m x 0.25mm) fitted to a Fisons
8000 series gas chromatograph, interfaced with an MD
800 mass spectrometer (Thermoquest, Manchester,
UK). The temperature of the column was increased from
54 °C at 11 °C/min until it reached 300 °C. The injection
port temperature was 200 °C. The mass spectrometer
electron energy was + 70 eV set in full scan mode.

The efficiency of extraction was investigated by
adding 15 ng of salicylic acid to 1 g portions of five of the
soups prior to extraction. The intra-assay coefficient of
variation (CV) for the determination of salicylic acid
was calculated from duplicate determinations of the

Table1 The soups investigated and their salicylic acid content

Organic soups (n=11) Salicylic acid content

(ng-g7)

Baxters Tomato and Vegetable 134
Go-organic Tomato and Basil 8
Organic soups Cream of Tomato 22
Baxters Carrot and Parsnip with Nutmeg 120
Organic soups Vegetable 63
Organic soups Lentil 117
Simply Mediterranean Tomato 54
Simply Carrot and Coriander 1040
Suma Carrot and Coriander 138
Suma Spicy Lentil 301
Tesco Tomato 34
Non-organic soups (n = 24)

Asda Country Vegetable 85
Baxters Lentil and Vegetable nd
Baxters Traditional Tomato nd
Asda Tomato 5
Campbell Tomato 22
Asda Vegetable 60
Heinz Vegetable 32
Baxters Mediterranean Tomato nd
Campbells Mediterranean Tomato 8
Heinz Mediterranean Tomato 248
St Michaels Mediterranean Tomato 19
Baxters Carrot and Coriander nd
St Michaels Carrot and Coriander 21
Heinz Carrot and Coriander 16
Campbells Carrot and Coriander 34
Campbells Asparagus 16
Campbells Tomato and Red Pepper 22
Tesco Tomato and Red Pepper 8
Co-op Tomato and Lentil 23
Heinz Lentil 73
Home-made Lentil 36
Heinz Cream of Tomato 9
St. Michaels Tomato and Basil 13
Home-made Scotch Broth 160

nd not detected

content in 22 soups. The inter-assay CVs for the deter-
mination of salicylic acid in 4 different soups were also
determined. (The contents of 2 soups were determined
on 4 separate occasions and the contents of the other 2
were determined 5 times.) Salicylic acid was determined
in two different batches of eight soups to assess the vari-
ation of content of different batches.

The salicylic acid contents of the soups were not nor-
mally distributed and median values and the range ob-
served are reported. Comparison of the medians was
carried out using the Mann Whitney U test (two-tailed).

Results

An unknown substance present in the extracts of most
of the soups had Rt similar to that of salicylic acid (see



G.J. Baxteretal.

291

Salicylic acid in soups prepared from organically and non-organically grown vegetables

Fig. 1a). The substance and salicylic acid had Rt of 7.35
and 7.36 min respectively when isocratic elution and
mobile phase A were used. When the extracts of soup
were treated with salicylate hydroxylase the unknown
substance disappeared (Fig. la). The unknown sub-
stance isolated from soup had, after esterification, a
mass spectrum which most closely fitted that of methyl
salicylate (first hit, 89.7 % match, Pfleger, Mauer and We-
ber spectral library). All of the organic and 20 out of 24
of the non-organic vegetable soups contained salicylic
acid.

The median contents of salicylic acid in the organic
and non-organic soups were 117 (range, 8-1040) ng - g™
and 20 (range, 0-248) ng - g™! respectively, the organic
soups having a significantly higher content (p=0.0032,
Mann-Whitney U test), with a median difference of 59
ng - g~ (95% confidence interval, 18-117 ng - g™!). Ex-
amination of several soups produced by one manufac-
turer revealed that all four of the non-organic soups in-
vestigated were devoid of salicylic acid (see Fig. 1b for
example), whereas salicylic acid was present in both of
the other organic soups. The intra-assay CV was 1.2%

Fig.1 Chromatography of salicylic acid and extracts
of soup: a extract of a soup before and after treat-
ment with salicylate hydroxylase, b non-organic soup
extracted before and after addition of salicylic acid
(15ng-g7).

Figure 1a
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and inter-assay CVs of 2.4 % (mean value of 5 determi-
nations, 8 ng - g’!), 6.8% (mean value of 4 determina-
tions, 15ng- g™'),0.7 % (mean value of 5 determinations,
41 ng - g™') and 3.6 % (mean value of 4 determinations,
83 ng- g!) were observed for 4 different soups. The effi-
ciency of extraction of exogenous salicylic acid was
found to be 78 %, 72 %, 83 %, 77 % and 84 % respectively,
when salicylic acid (15ng) was added to 5 different
soups (1 g portions) prior to extraction. Eight commer-
cial soups were investigated for variation of salicylic
acid content between batches. In 4 out of the 8 the vari-
ation was less than 10 %.

Discussion

Our results show that salicylic acid is present in all of the
organic, and most of the non-organic vegetable soups
we examined. Moreover, they show that organic vege-
table soups have a higher content of salicylic acid than
non-organic ones, suggesting that the vegetables and
plants used to prepare them contained greater amounts
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of the phenolic acid than the corresponding non-or-
ganic ingredients.

Other factors, however, might have influenced our re-
sults. It is likely that the different types of soup we in-
vestigated were prepared by using different procedures,
employing different varieties of vegetables and plants
which had been grown, stored and handled under dif-
ferent climatic and environmental conditions. All of
these factors are believed to affect the content of nutri-
ents in foodstuffs derived from plants [6]. It is interest-
ing to note, however, that the organic soups prepared by
a certain manufacturer contained salicylic acid, whereas
the non-organic soups prepared by them were devoid of
the phenolic acid. The minor ingredients used in the
manufacture of the soups are important also; certain
herbs and spices have high contents of salicylic acid [1],
and the proportions of these in the soups investigated
might explain the difference recorded. Lastly, a combi-
nation of all of these factors may be responsible for our
finding. Other work has identified differences between
organic and non-organic foods. However, it is worthy of
note that a recent comparison of organic and non-or-
ganic apples has indicated that the former might have a
higher content of nutrients [7].

Aspirin is consumed on a massive scale. It is pre-
scribed mainly for its anti-platelet effect in cardiovas-
cular disease [8], but it is thought also to decrease the
risk of developing colorectal cancer [9]. Aspirin is

metabolised rapidly to generate salicylic acid [10], the
major metabolite, which is probably responsible for its
anti-inflammatory effect [11]. Inflammatory processes
are important in various chronic pathologies, including
atherosclerosis [12] and cancer [13], the risks of which
are reduced by consumption of aspirin. Whether or not
salicylic acid derived from dietary sources is beneficial
to health has not been established. Its effects have not
been investigated, but it has been suggested that because
our daily intake might be less than 10 mg, and is not in
the form of aspirin, its effects are unlikely to be signifi-
cant [14]. However, concentrations of salicylic acid in
the serum of vegetarians who do not take aspirin over-
lap with those in the serum of patients who have taken
low doses of aspirin over a long period of time [4]. An
increased dietary intake of salicylic acid might be most
effectively achieved by consuming fruits, vegetables,
herbs and spices, and this report highlights the differ-
ence in the content of salicylic acid in organic and non-
organic vegetable soups. Further studies are required to
establish whether this difference occurs in other food-
stuffs, and whether the consumption of organic foods
results in a significantly increased dietary intake of sali-
cylic acid.
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