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ABSTRACT 

The oxalate content of the leaves and stems of green and variegated cultivars of sorrel (Rumex acetosa) were extracted 
and measured using HPLC chromatography. The larger, more mature leaves of both cultivars contained higher levels of 
total, soluble and insoluble oxalates. The stems also contained appreciable levels of oxalates. The mean soluble oxalate 
content of the variegated leaves was 14.7%, which was significantly higher than found in the leaves of the green-leaved 
cultivar (11.9%). The proportion of soluble oxalate to total oxalate in the stems ranged from 12.7% to 24.4% for both 
cultivars. Sorrel sprouts contained a much higher proportion of soluble oxalates than the green sorrel leaves but were 
similar in oxalate content to the variegated leaves. Pesto and soup made from sorrel leaves retained their characteristic 
sour taste despite containing much lower levels of oxalates. The levels of oxalates in sorrel leaves were high and it was 
recommended that the leaves should be consumed occasionally as a delicacy because of their unique taste rather than as 
a significant part of the diet. However, the products made from sorrel leaves were less of a problem as they contained 
lower levels of oxalates. 
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1. Introduction 

Sorrel (Rumex acetosa) is a long-lived perennial plant 
belonging to the large and diverse Polygonaceae family. 
Green and variegated sorrel varieties are grown as garden 
herbs or vegetables in Europe but they are also widely 
distributed in parts of Asia [1]. Sorrel has been used in 
herbal medicine to treat cutaneous diseases [2] while the 
flowers contain phenolic compounds which have antipro- 
liferative and tumour arresting effects [3,4]; extracts from 
the aerial parts of the plant show strong antiviral activity 
[5]. Sorrel is widely mentioned in gardening and recipe 
books because of its distinctive sour taste, which is at- 
tributed to its high oxalate content. Oxalates are respon- 
sible for creating desirable flavours in some foods [6]; 
the tartness of sorrel blends well with a variety of ingre- 
dients such as meat, cheese and milk. Sorrel sprouts and 
young immature leaves have a more subtle flavour and so 
are suitable for addition to salads and sandwiches. The 
more mature leaves are normally cooked and added to 
soups and stews and used to make sauces such as pesto. 

Sorrel leaves are a good source of macronutrients and 

micronutrients [7,8] and it has been suggested that sorrel 
leaves could be used as an economic source of plant- 
based protein [7] as they appear to be nutritionally supe- 
rior to spinach leaves [9]. Although rich in minerals [8], 
the presence of high levels of the anti-nutritive factor, 
oxalic acid, reduces the bioavailability of some of the 
minerals, such as calcium. The risk of consuming foods 
high in soluble oxalates has been well documented [10]. 
This has prompted numerous studies seeking to identify 
methods of reducing the absorption of soluble oxalates 
[10,11]. Oxalate accumulation in the leaves is affected by 
different factors such as soil conditions, climate, species 
or cultivar, and maturity. Interesting studies on oxalate 
accumulation as a function of maturation stage [12,13] 
and regrowth [14] reveal different results depending on 
the type of plant investigated. There are few studies on 
the oxalate content of Rumex acetosa leaves, along with 
other Rumex species, but the effect of leaf size as a 
measure of the maturity of the leaf was not investigated 
in these studies. 

The objective of this study was to investigate the dis- 
tribution of oxalates in the leaves and stems of two culti- 
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vars of sorrel (green and variegated), as a function of leaf 
size. The oxalate content of sorrel sprouts and two com- 
mon sorrel dishes, soup and pesto were also investigated.  

2. Materials and Methods 

Harvesting and Preparation 

Leaves with stems were harvested from green and varie- 
gated sorrel (Rumex acetosa) plants. Fresh samples were 
sorted according to size (small, medium, large) before 
separating the leaves from the stems. The length of the 
leaves was measured. Hydroponically grown green sorrel 
sprouts were purchased from Kipp’s Patch Microgreens, 
Marshlands, Christchurch, NZ. The total length of the 
sprouts was not measured. The sprouts, consisting of 
leaves, stems, and some seeds, were analysed as a single 
sample. Commercial sorrel pesto was purchased from 
Fresh Gardens Ltd., Kumeu, West Auckland, NZ. It was 
a blend of spinach, sorrel, parmesan cheese, olive oil, 
garlic, salt and pepper. However, the proportion of in- 
gredients in this product was not specified on the product 
label. Homemade sorrel pesto and sorrel soup were pre- 
pared by following the recipes given below:  
 
Spicy sorrel pesto 

80 g large green sorrel leaves 

40 g garlic cloves  

40 g ground walnuts  

8 g chili sauce  

1/2 cup (60 g) grated  

parmesan cheese  

10 g olive oil  

6 g salt and 2 g pepper 

 Romanian sorrel soup  

 46 g large green sorrel 

 leaves 

 50 g chopped onions 

 6 g olive oil  

 28 g sour cream  

 12 g ground rice  

 1 egg yolk (≈18 g) 

 6 g salt  

 
All the ingredients were placed in a blender and 

processed for one minute. The Romanian soup mix was 
then placed in a fry pan and simmered for five minutes 
until cooked. The homogenized pesto or the pesto soup 
were then frozen at −18˚C, then freeze-dried in a freeze 
dryer (W.G. Cuddon Ltd., Blenheim, Marlborough, NZ) 
and then finely ground in a coffee mill (Sunbeam, model 
EM0400, China).  

3. Chemical Analysis 

3.1. Moisture Content Analysis 

The moisture content analysis was carried out by fol- 
lowing the AOAC method 935.10 [15].  

3.2. Extraction of Total Oxalates 

For the extraction of the total oxalic acid, 0.2 g of ground 
freeze-dried pure sample (leaves, stems and sprouts) or 
0.5 g for the soup and pesto samples was weighed accu- 

rately into a 100 ml flask and 40 ml of 0.2 M HCl was 
added, then the flask was covered with aluminium foil. 
The mixture was incubated with shaking for 20 minutes 
at 80˚C. After cooling, each mixture was transferred to a 
100 ml volumetric flask and made up to volume with 0.2 
M HCl. Three extractions were carried out on each sam- 
ple. Fifty ml of the aliquot was transferred in a 50 ml 
centrifuge tube then centrifuged at 3500 rpm for 15 min- 
utes. The liquid sample was filtered through a 0.45 µm 
cellulose acetate syringe filter (Sartorious Ltd., Göttingen, 
Germany) into a HPLC vial for analysis of the oxalic 
acid concentration. 

3.3. Extraction of Soluble Oxalates 

For the extraction of the soluble oxalic acid, the same 
procedure utilized in the extraction for total oxalic acid 
was followed except that nanopure water (Arium 611 uv, 
Sartorius Ltd., Germany) was used to extract the soluble 
oxalates. 

3.4. HPLC Analysis of Oxalic Acid 

The oxalic acid concentration of the extracts was deter- 
mined using an HPLC method [16] where a 20 µl of 
sample extract was analysed using a 300 × 7.80 mm 
Rezex ion exclusion column (Phenomenex Inc., CA, 
USA) using an isocratic elution, at 0.6 ml/min. with 
0.025 M sulphuric acid (HPLC Grade, Baker Chemicals, 
Phillipsburg, NJ, USA) as a mobile phase. The HPLC 
system consisted of a Spectra-Physics Isocratic pump and 
a Spectra-Physics UV/V detector set at 210 nm. Data 
capture was performed using PeakSimple version 3.59 
(SRI Instruments, Torrance, California). The oxalate 
peak was identified by comparison of the retention time 
with an oxalate standard (99.999%, Sigma, St. Louis, 
MO, USA). Insoluble oxalate was calculated as the dif- 
ference between the total oxalate (acid extract) and solu- 
ble oxalate (water extract) [17].  

3.5. Standard Calibration 

Standard curves, containing 2 - 20 mg oxalic acid/100ml 
in water and 0.2 M HCl were prepared and used to quan- 
titate the soluble and total oxalic acid content of samples, 
respectively. 

4. Statistical Analysis 

All calculations were performed using Excel 2010. Gen- 
Stat Release 12.2 for Windows 7 (VSN International Ltd., 
Hemel Hempstead, Hertfordshire, UK) was used to de- 
termine the accumulated analysis of variance. The mean 
values were compared using LSD Tukey’s method (p < 
0.05). 
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5. Results and Discussion 

The variegated cultivar contained higher amounts of dry 
matter, ranging from 12.6% - 13.4% for the leaves, and 
from 8.9% - 9.9% for the stems, compared to the green 
cultivar (Table 1). For both cultivars, the stems con- 
tained higher amounts of moisture than the leaves. 

The moisture content of sorrel was much higher than 
the reported moisture content of Rumex acetosa plants 
grown in Nigeria [7] but the levels found in the green and 
variegated cultivars were comparable to other tender and 
succulent green leafy vegetables [18]; the green sorrel 
sprouts had moisture contents very similar to lettuce [18]. 
The large green sorrel leaves were almost twice the 
length of the large variegated leaves. The length of the 
leaves of the variegated cultivar ranged from 76.7 - 166.9 
mm while the green cultivar leaves ranged from 108.7 - 
311.7 mm. 

The total oxalate content in the sorrel leaves ranged 
from 273.0 - 953.8 mg/100g wet matter (WM), and the 
soluble oxalates from 42.0 - 124.8 mg/100g WM. These  

values were comparable with the results for Rumex ace- 
tosa and other Rumex species presented earlier [10,19, 
20]. Seiner et al. [21] reported the highest amounts of 
total and soluble oxalates in sorrel amounting to 1391 
mg/100g WM and 258 mg/100g WM, respectively. In 
contrast, the lowest reported amounts of total and soluble 
oxalates in sorrel leaves were lower than 1.0 mg/100g 
WM [7]. The discrepancies in the values obtained can be 
ascribed to several factors such as soil conditions, cli- 
mate, species or cultivar, maturity and methods of analy- 
sis. Also, the size of the leaves used in these earlier stud- 
ies was not recorded. The total oxalate content of the 
stems in this present study ranged from 334.9 - 491.6 
mg/100g WM and from 53.9 - 83.6 mg/100g WM for 
soluble oxalates. As a percentage of total oxalates, the 
soluble oxalates ranged from 10.4% - 24.3%. 

Statistical analyses showed that the differences in ox- 
alate content between the plant parts of sorrel were sta- 
tistically significant at p < 0.05. It was evident that three 
factors, namely, cultivar, plant part and size, all affected  

 
Table 1. Mean length (mm ± SE), % dry matter, total, soluble and insoluble oxalates (mg/100g WM ± SE) of green and 
variegated leaves and stems and, in brackets, % soluble oxalates of total oxalates. 

Plant part Length % Dry matter Total oxalate Soluble oxalate Insoluble oxalate 

 Green Variegated Green Variegated Green Variegated Green Variegated Green Variegated

Leaves           

Small 108.7 ± 6.4 76.7 ± 4.4 7.2 12.6 273.0 ± 5.4 739.8 ± 7.8
42.0 ± 0.5

(15.4) 
106.9 ± 0.3 

(14.5) 
231.0 ± 5.9 632.9 ± 8.1

Medium 157.5 ± 10.0 108.7 ± 7.2 6.8 13.4 386.3 ± 3.0 953.8 ± 10.2
47.1 ± 0.3

(12.2) 
113.5 ± 0.8 

(11.9) 
339.2 ± 3.3 840.4 ± 10.9

Large 311.7 ± 11.9 166.9 ± 2.5 6.5 12.7 684.8 ± 13.2 660.6 ± 10.8
71.3 ± 1.2

(10.4) 
124.8 ± 0.7 

(18.9) 
613.6 ± 12.0 535.8 ± 11.5

Stems           

Small - - 4.3 8.9 403.4 ± 2.1 419.6 ± 16.6
59.5 ± 0.2 

(14.8) 
83.6 ± 0.4 

(19.9) 
343.8 ± 4.6 335.9 ± 17.0

Medium - - 4.3 9.9 375.5 ± 4.2 334.9 ± 6.2
59.4 ± 0.5 

15.8) 
81.5 ± 0.3 

(24.4) 
316.1 ± 4.6 253.3 ± 5.9

Large -a - 4.5 9.1 424.4 ± 1.0 491.6 ± 3.3
53.9 ± 0.3 

(12.7) 
80.2 ± 0.4 

(16.3) 
370.6 ± 0.7 411.4 ± 2.9

Analysis of Variance d.f.   Total Soluble Insoluble 

Cultivar  1   * * * 

Plant part 1   * * * 

Size 2   * * * 

Cultivar × Plant part 1   * * * 

Cultivar × Size 2   ns ns ns 

Plant part × Size 2   * * * 

Cultivar × Plant part × Size 1   ns ns ns 

LSD (5%)    133.1 10.2 123.9 

aNot measured; Significance: ns, not significant; *p < 0.05; LSD: least significant difference. 
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the amount of oxalates present in the sorrel leaves and 
stems. The interactions between cultivar and plant part, 
and size and plant part were both statistically significant 
(p < 0.05). However, there were no significant differ- 
ences observed based on the two-factor interaction of 
cultivar and size or the three-factor interaction of cultivar, 
plant part, and size. 

Overall, the variegated cultivar contained more oxalates 
in its leaves than in the green cultivar leaves, although 
the green cultivar had longer leaves (Table 1). The pres- 
ence of the dark red colouring in the leaves and higher 
oxalates in the variegated cultivar may signify a positive 
correlation between the leaf colour and the accumulation 
of oxalates in plants [22]. Two studies have reported that 
oxalates were not equally distributed between the plant 
parts [14,23]. For sorrel, oxalates were more abundant in 
the leaves than in the stems regardless of the cultivar. 
This characteristic was also observed in plants belonging 
to the Polyganaceae and Amaranthaceae families such as 
rhubarb, spinach, amaranth and beet [10]. 

The least significant difference values in the sorrel at 
(p < 0.05) were 133.1 mg/100g WM for the total oxalate, 
and 10.2 mg/100 g WM for the soluble oxalate. The size 
had no significant effect on the oxalate content of the 
stems because the differences between the means were 
lower than the LSD values. For the green sorrel leaves, 
the oxalate content increased linearly with increased size. 
However, using the LSD values as the bases of compari- 
son, the differences between the levels of oxalates in 
small and medium leaves were not statistically signifi- 
cant. The levels of oxalates in the variegated leaves were 
highest in the medium leaves and lower in the large 
leaves. This may be due to the role of oxalates as a cal- 
cium reservoir, which releases calcium as needed by the 
plant for its growth [11]. Overall, the results showed that 
the soluble oxalate contents of both sorrel cultivars were 
positively correlated with leaf size. 

The green sorrel sprouts contained both leaves and 
stems and a few un-sprouted seeds (Table 2). The levels 
of total and soluble oxalates in this sample were very 
high and this may have occurred because the plant seeds 
resent contained high amounts of oxalates [23]. Raw 
immature sorrel leaves are eaten mixed with salads and 
in sandwiches while the larger more mature leaves are 
often prepared as soups and pesto. The reduction of ox- 
alates in both the soup and pesto products occurred 
mainly because other food materials were added to make 
the soup which, essentially, diluted the oxalate content of 
the sorrel leaves (Table 2). The soup contained 70.1 
mg/100g WM of total oxalates and 12.7 mg/100g WM of 
soluble oxalates. The homemade pesto had a higher total 
oxalate content amounting to 88.0 g/100g WM as com- 
pared to 20.1 mg/100g WM of total oxalate present in the 
commercial pesto. However, the soluble oxalate contents 

Table 2. Mean percentage dry matter, total, soluble, and 
insoluble oxalate content (mg/100g WM ± SE) of sorrel 
sprouts, soup and pesto and soluble oxalate per serving of 
pesto (mg/25g) and soup (mg/250g). 

Total 
oxalate 

Soluble 
oxalate  

Insoluble 
oxalate Sample 

Dry 
matter

(%) (mg/100 g WM) 

Soluble 
oxalate 

(mg/serving)

Sprouts 4.8 797.0 ± 2.2 104.3 ± 1.0 693.4 ± 4.6 26.1 

Soup 14.0 70.1 ± 1.2 12.7 ± 0.1 57.42 ± 1.2 31.7 

Pesto      

Homemade 57.1 88.0 ± 0.1 15.6 ± 0.2 72.3 ± 0.3 3.9 

Commercial 74.0 20.1 ± 0.5 15.8 ± 0.4 4.7 ± 0.4 3.9 

 
in both types of pesto were almost equal. While sorrel 
pesto and sorrel soup contained lower oxalate levels due 
to dilution by the addition of other ingredients, incorpo- 
rating parmesan cheese in pesto and sour cream in soup 
also provided calcium, which can effectively reduce the 
soluble oxalates by conversion to insoluble oxalates [24]. 
Parmesan cheese would supply calcium in the pesto and 
the sour cream would supply calcium in the soup recipe. 
The soluble oxalate content in the pesto was higher be- 
cause it contained a higher proportion of sorrel leaves. 
Soup preparation involved cooking and this may have 
facilitated the leaching of soluble oxalates from the sorrel 
leaves, thus allowing the soluble oxalates to combine 
with calcium, from the sour cream, and form insoluble 
oxalates, which will not be absorbed from the digestive 
tract after ingestion [24].  

It is useful to present the analysis of sorrel pesto and 
sorrel soup on a per serving basis. A standard serving 
size for vegetables is a cup-full (a standard cup contains 
250 g) while 25 g is used for a condiment like pesto [25]. 
The soluble oxalate per serving was similar for the com- 
mercial and home-made pesto while the sorrel soup con- 
tained the highest amount of soluble oxalates per serving 
(31.7 mg/250ml) simply because the serving size was ten 
times higher than that of the pesto. The levels of ox- 
alates in sorrel soup and sorrel pesto per serving were 
low and within the normal dietary intake of 50 - 200 mg 
of oxalates/day [26] and a long way below the minimum 
lethal dose of 4 - 5 g total oxalates/day [27,28]. Although 
more pesto may be consumed than the recommended 
serving size, other oxalate sources in the daily diet 
should also be noted, to avoid the consumption of too 
much oxalate in the diet. 

6. Conclusion and Recommendations 

The soluble oxalate content of sorrel leaves increases 
linearly with the length or size of the leaves. The rela- 
tionship between the leaf size and maturation stages in 
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determining the oxalates in plants needs further investi- 
gation. Sorrel sprouts contain high levels of oxalates but 
these are only added as a garnish to foods and not eaten in 
large amounts. As sorrel is a high oxalate-containing food, 
it should only be consumed in small amounts especially 
by people who are prone to kidney-stone formation [29]. 
It is also advisable to prepare sorrel with other calcium- 
rich foods to reduce the soluble oxalate content, thus 
reducing the amount of oxalate absorbed into the body 
[24]. Pesto is an ideal way of preparing sorrel as the 
serving size is small, so low levels of oxalates will be 
ingested. Further work is required to determine the best 
method to prepare sorrel soup and pesto to give a good 
flavor while maintaining a low soluble oxalate content.  
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