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Abstract

Analysis of organic acids has become increasingly important due to their role in the
physiological activity of plants, and many separation methods have been developed for the
simultaneous determination of these compounds in plant samples. Herein, ultra fast liquid
chromatography and photodiode array detection (UFLC-PDA) was applied to the analysis
of organic acids in young shoots, leaves, aerial parts and flowering shoots, as well as in
flowers and fruits, of thirty five plant species, according to their traditional use. The
studied plants were divided in three groups: traditionally cultivated food plants, wild edible
plants and wild medicinal plants.

Most of the species were characterized for the first time. Among all the analysed species,
Rumex acetosella leaves and aerial parts revealed the highest content of total organic acids.
Overall, the organic acids found in the studied plant species make them suitable to be used
as food additives such as antioxidants (e.g. ascorbic acid) or acidulants (e.g. citric and

malic acids).
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Introduction

Plants possess a unique richness and diversity of metabolites including organic acids.
These compounds serve a variety of roles in both primary and secondary plant metabolism
(Bennet-Clark 1993). Organic acids are involved in various fundamental pathways in plant
metabolism and catabolism as intermediate or end products. Citric, malic, succinic,
fumaric and oxalic acids play a key role in the Krebs cycle which is the central energy-
yielding cycle of the cell, being involved in the most important metabolic pathway of
carbohydrates, lipids and proteins (Bennet-Clark 1993). Malic acid is involved in
respiration and photosynthesis. This organic acid as also citric and oxalic acids have been
proposed to be involved in cation transport and in processes operating in the rhizosphere,
including nutrient acquisition, metal detoxification, alleviation of anaerobic stress in roots,
mineral weathering and microbial attraction (Mucha et al. 2005). Organic acids are also
known for their influence in the organoleptic properties of plant foods (Vaughan and
Geissler 1997) and for their utility in the authenticity and quality of these matrices,
including microbial stability and product consistence (Gebre et al. 1994). They are also
used extensively as food additives in the manufacture of beverages, fruit and vegetable
drinks and juices. The main acids used to enhance beverages are citric, malic and tartaric
acids as acidulants and ascorbic acid as antioxidant (Scherer et al. 2012).

Analysis of organic acids has become increasingly important due to their role in the
physiological activity of plants (Bennet-Clark 1993). Furthermore, the success in
clarification of all the functions previously mentioned depends on the identification of
organic acids in soil and in different parts of plants.

Many separation methods have been developed for the simultaneous determination of
organic acids in plant samples such as gas chromatography (GC) (Adams et al. 1999),

capillary electrophoresis (Rivasseau et al. 2006; Wang et al. 2003), ion chromatography



(IC) (Gabriel and Kesselmeier 1999; Qiu and Jin 2002) and high-performance liquid
chromatography (HPLC) (Ferreres et al. 2009; Guerra et al. 2008; Scherer et al. 2012;
Veberic et al. 2009). The determination of organic acids with GC requires derivatisation
because they are non-volatile, and this process requires time retarding the reproducibility
of the analysis (Wang et al. 2003). HPLC has become more and more popular for
analyzing certain mixtures of organic acids because of the simplicity, speed and stability of
the method (Scherer et al. 2012). In a previous paper we reported the development of a
different methodology for organic acids extraction from plants and their analysis using
ultra fast liquid chromatography and photodiode array detection (UFLC-PDA). The
method proved to be reproducible and accurate and allowed compounds separation in 8
min (Barros et al. 2012).

Herein, the application of this method was generalized to other natural matrixes,
specifically plant sources. Different parts of thirty five species of food (cultivated and

wild) and medicinal plants were analysed according to their recommended use.

Materials and methods

Plant species

Thirty five species of plants were obtained in Braganga (Northeast Portugal) according to
their traditional use and information provided in Table 1. The studied plants were divided
in three groups: cultivated food plants, wild edible plants and wild medicinal plants and in
each group different parts (young shoots, leaves, aerial parts, flowering shoots, flowers and

fruits) were analysed.



All the samples were lyophilised, reduced to a fine dried powder (20 mesh) and mixed to

obtain a homogenate sample.

Standards and reagents

The standards of organic acids (L(+)-ascorbic acid; citric acid; malic acid; oxalic acid,
shikinic acid; succinic acid; fumaric acid; quinic acid) were purchased from Sigma (St.
Louis, MO, USA). All other chemicals and solvents were of analytical grade and
purchased from common sources. Water was treated in a Milli-Q water purification system

(TGI Pure Water Systems, USA).

Organic acids extraction and analysis

Samples (~2 g) were extracted by stirring with 25 mL of meta-phosphoric acid (25°C at
150 rpm) for 45 min and subsequently filtered through Whatman No. 4 paper (Barros et al.,
2012). Before analysis by ultra fast liquid chromatograph (UFLC) coupled to photodiode
array detector (PDA), the sample was filtered through 0.2 um nylon filters. The analysis
was performed using a Shimadzu 20A series UFLC (Shimadzu Coperation). Separation
was achieved on a SphereClone (Phenomenex) reverse phase Cig column (5 um, 250 mm x
4.6 mm i.d) thermostatted at 35 °C. The elution was performed with sulphuric acid 3.6
mM using a flow rate of 0.8 mL/min. Detection was carried out in a PDA, using 215 nm
and 245 nm (for ascorbic acid) as preferred wavelengths. The organic acids found were
quantified by comparison of the area of their peaks recorded at 215 nm or 245 nm (for
ascorbic acid) with calibration curves obtained from commercial standards of each

compound. The results were expressed in mg per g of dry weight (dw).

Statistical analysis



Organic acids extraction was performed in duplicate and each sample was injected three
times in UFLC-PAD. The results are expressed as mean values + standard deviation (SD).
The differences between mushroom species were analyzed using one-way analysis of
variance (ANOVA) followed by Tukey’s HSD Test with o = 0.05. This analysis was

carried out using SPSS v. 18.0 program.

Results and discussion

The analysed samples have been extensively studied by our research group, considering
their chemical composition and antioxidant properties, due to their widely uses as food
and/or medicinal plants. The studied samples included different parts of cultivated and
wild food plants, as also wild medicinal plants (Table 1). All of them presented malic and
citric acids; some samples also revealed the presence of oxalic, quinic, shikimic, ascorbic,
succinic and fumaric acids. A profile obtained at 215 nm can be observed in Figure 1.
Table 2 shows the composition of organic acids in cultivated edible plants (flowers and
fruits). Two traditional cultivated vegetables highly consumed in Northern Portuguese
region were analysed; Brassica napus var napus (rape) presented higher total (90 mg/g dw)
and individual organic compounds than Brassica oleraceae var costata (“tronchuda”
cabbage) with exception of oxalic and citric acids. The latter species presented citric acid
as most abundant organic acid, which is in agreement with a previous study reported by
Ferreres et al. 2009. The mentioned organic acid is an important multifunctional organic
acid with a broad range of versatile uses in household and industrial applications; there is a
great worldwide demand for citric acid consumption due to its low toxicity, mainly being
used as acidulant in pharmaceutical and food industries (Anastassiadis et al. 2008).

Four common farmer’ varieties of tomato (Lycopersicon esculentum) widely cultivated in

rural communities from Miranda do Douro (Tras-os-Montes, Northeastern Portugal) were



analysed: “amarelo” (yellow tomato), “batateiro” (round tomato), “comprido” (long
tomato) and “coracdo-de-boi” (heart tomato). The four samples revealed the same amount
of oxalic acid. “Batateiro” and “coragdo-de-boi” varieties revealed the highest contents in
organic acids (168 and 163 mg/g dw, respectively), with the important contribution of
citric acid. This compound has been reported as the main organic acid in other tomato
varieties (Suaréz et al. 2008). The mentioned two samples also gave the highest content in
ascorbic acid (3 mg/g dw). In humans, principal role of this compound is to scavenge
reactive oxygen species, due to its antioxidant capacity, and to serve as co-factor of many
enzymes; a deficiency of ascorbic acid is traditionally linked to human diseases such as
scurvy (Cruz-Rus et al. 2012).

The composition of organic acids in wild edible plants (young shoots, leaves and aerial
parts, flowers and fruits) is given in Table 3. Among plants consumed as young shoots,
three edible wild greens widely consumed were studied: Asparagus acutifolius (wild
asparagus), Bryonia dioica (white bryony) and Tamus communis (black bryony). B. dioica
showed the highest content of organic acids (148 mg/g dw) with the significant
contribution of malic acid (125 mg/g dw). This compound occurs naturally in all fruits and
many vegetables; it contributes to the pleasantly sour taste of fruits, and it is used as a food
additive (Barros et al. 2012). Shikimic, succinic and fumaric acids were only found in 7.
communis, A. acutifolius and B. dioica samples, respectively. These results were also
observed by other authors in 7. communis and B. dioica samples from Spain (Séanchez-
Mata et al. 2012).

Leaves and aerial parts of other four wild greens traditionally consumed were also
analysed: Borago officinalis (borage), Montia Fontana (water-blinks), Rorippa nasturtium-
aquaticum (water-cress) and Rumex acetosella (sheep sorrel). The latter species gave the

highest content of organic acids (277 mg/g dw) with the main contribution of quinic acid



(238 mg/g dw), which is a versatile chiral starting material for the synthesis of new
pharmaceuticals (Barros et al. 2012). Ascorbic acid was only found in the mentioned
species. Nevertheless, it should be noticed that ascorbic acid presents a very low stability
through storage time due to oxidative processes and, therefore, the levels of this compound
could be underestimated. There are available on literature reports regarding organic acids
in other Rumex species such as R. induratus (Guerra et al. 2008), R. papilaris and R.
pulcher (Sanchez-Mata et al. 2012), showing a different profile from R. acetosella.
Fumaric acid was found in higher amounts in borage sample, being reported as an
important antioxidant and antimicrobial compound (Barros et al. 2012).

Flowers of three widespread Mediterranean perennial herbs traditionally used for
medicinal purposes and seasoning were characterized: Foeniculum vulgare (fennel),
Origanum vulgare (origano) and Thymus mastichina (thyme). F. vulgare showed the
highest content of organic acids (127 mg/g dw) with the main contribution of malic acid
(63 mg/g dw). The profile observed in this sample is different from the one described by
Sanchez-Mata et al. (2012) in a sample from Spain, in which oxalic acid is reported as the
main organic acid. It should be highlighted that calcium oxalate is the most common
component of kidney stones and can be directly absorbed by the gut in spite of its
insolubility (Ribeiro et al. 2008). As far as we know, there are not available reports on
organic acids of the two mentioned Lamiaceae.

Regarding fruits, four wild species were analysed: Arbutus unedo (strawberry-tree),
Crataegus monogyna (common hawthorn), Prunus spinosa (blackthorn) and Rosa canina
(dog rose), being P. spinosa sample the one presenting the highest levels of organic acids
(96 mg/g dw) with the significant contribution of malic acid (93 mg/g dw). This
observation is in agreement with the results reported by Ozcan (2008) in a sample from

Turkey. Similarly to the observed data in the present study, Bozan et al. (1998) described



citric acid as the main organic acid in R. canina fruits. Otherwise, the profile described for
A. unedo fruits from Spain (Ruiz-Rodriguez et al. 2011) is different. Considering organic
acids in C. monogyna fruits, no reports were found.

The composition of organic acids in flowers and flowering shoots of fourteen wild
medicinal plants is given in Table 4, that include i) four common Mediterranean shrubs
from Fabaceae family (tribe Genisteae) that have been used for medicinal purposes and
seasoning in the northeastern Portuguese region: Cytisus multiflorus (white Spanish
broom), C. scoparius (common broom), C. striatus (Portuguese broom) and Pterospartum
tridentatum, ii) two samples native throughout most of Europe and Asia that have long
been used in the Iberian Peninsula as important medicinal plants: Filipendula ulmaria
(meadowsweet) and Sambucus nigra (elder); iii) six medicinal plants traditionally used in
the northeastern region of Portugal: Centaurea paniculata (starthistles), Crataegus
monogyna (common hawthorn), Helichrysum stoechas (shrubby everlasting), Rosa
micrantha (sweet-briar), Rubus ulmifollius (elm-leaved blackberry) and Trifolium
angustifolium (narrow clover); and v) two samples widely used in Mediterranean and
European traditional medicine and ethnoveterinary: Malva sylvestris (common mallow)
and Tuberaria lignosa (similar to spotted rockrose).

S. nigra sample presented the highest concentration of total organic acids (159 mg/g dw)
due to the main contribution of citric acid (97 mg/g dw), which is in agreement with the
results reported in flowers from Austria (Veberic et al., 2009) and fruits (Karovicova et al.,
1990) of this species. For the other species, no reports were found.

The fruits of Rosa micrantha, highly appreciated for their health and cosmetic properties,
showed citric, quinic, ascorbic, malic and oxalic acids with a total content of 54 mg/g dw

(Table 4).



Conclusion

The organic acid profiles of thirty five food and medicinal plant species was obtained by
UFLC-PDA, being detected and quantified oxalic, quinic, malic, shikimic, ascorbic, citric,
succinic and fumaric acids in different amounts, according to species. Among all the
analysed species, Rumex acetosella leaves and aerial parts revealed the highest content of
total organic acids; otherwise, Pterospartum tridentatum presented the lowest
concentration (8 mg/g dw).

Most of the species were characterized for the first time; for the others, some differences
were found in the results reported herein and the ones described by other authors. This
could be due to numerous factors such as the different extraction and/or analysis
methodology and different analysis conditions (e.g analysis carried out in fresh or dried
material), as also environmental conditions related to samples collection. The organic acids
found in the studied plant species make them suitable to be used as food additives such as
antioxidants (e.g. ascorbic acid) or acidulants (e.g. citric and malic acids). Furthermore,

these compounds can be useful in the authenticity and quality of the plant sources.
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Table 1. Information about the analysed species.

Scientific name

Collection year

Analysed part

.
Reference

Arbutus unedo L:

Asparagus acutifolius L.

Borago officinalis L.

Brassica napus L.var napus
Brassica oleraceae L. var costata
Bryonia dioica Jacq.

Centaurea paniculata L.

Crataegus monogyna Jacq.

Cytisus multiflorus (L'Hér.) Sweet
Cytisus scoparius (L.) Link

Cytisus striatus (Hill) Rothm.
Filipendula ulmaria (L.) Maxim.
Foeniculum vulgare L.

Helichrysum stoechas (L.) Moench
Lycopersicon esculentum L. (“amarelo”)
Lycopersicon esculentum L. (“batateiro”)
Lycopersicon esculentum L. (“chucha”)

Lycopersicon esculentum L. (“coragao-de-
boi”)
Malva sylvestris L.

Montia fontana L.

Origanum vulgare L.

Prunus spinosa L.

Pterospartum tridentatum (L.) Willk.
Rorippa nasturium-aquaticum (L.) Hayek
Rosa canina L.

Rosa micrantha Borrer ex Sm.

Rubus ulmifolius Schott
Rumex acetosella L.
Sambucus nigra L.

Tamus communis L
Thymus mastichina L
Trifolium angustifolium L.

Tuberaria lignosa (Sweet) Samp.

2008
2009
2010
2009
2009
2009
2009
2009

2010
2010
2010
2009
2009
2009
2011
2011
2011
2011

2009
2010
2008
2008
2010
2010
2009
2009

2009
2010
2009
2009
2008
2009
2011

Fruits

Young shoots

Leaves and aerial parts
Flowers

Flowers

Young shoots

Flowers and flowering shoots
Flowers and flowering shoots
Fruits

Flowers and flowering shoots
Flowers and flowering shoots
Flowers and flowering shoots
Flowers and flowering shoots
Flowers

Flowers and flowering shoots
Fruits

Fruits

Fruits

Fruits

Flowers and flowering shoots
Leaves and aerial parts
Flowerss

Fruits

Flowers and flowering shoots
Leaves and aerial parts

Fruits

Flowers and flowering shoots
Fruits

Flowers and flowering shoots
Leaves and aerial parts
Flowers and flowering shoots
Young shoots

Flowers

Flowers and flowering shoots
Flowers and flowering shoots

Barros et al. 2010a
Martins et al. 2011
Pereira et al. 2011
Batista et al. 2011
Batista et al. 2011
Martins et al. 2011
Barros et al. 2010b
Barros et al. 201 1a

Pinela., et al. 2011
Pinela., et al. 2011
Pinela., et al. 2011
Barros et al. 201 1b
Barros et al. 2009

Barros et al. 2010b
Pinela et al. 2012a
Pinela et al. 2012a
Pinela et al. 2012a
Pinela et al. 2012a

Barros et al. 2010d
Pereira et al. 2011

Barros et al. 2010c
Barros et al. 2010a
Pinela., et al. 2012
Pereira et al. 2011

Barros et al. 201 1c¢

Guimardes et al. 2010

Barros et al. 2010b
Pereira et al. 2011

Barros et al. 201 1b
Martins et al. 2011
Barros et al. 2010c
Barros et al. 2010b
Pinela et al. 2012b

"These references provide information about chemical composition and/or antioxidant properties of the plant

species, and report the first time in which they were collected and studied by our research group.
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Table 2. Organic acids composition (mg/g of dry weight) of the studied cultivated edible plants (mean = SD).

Analysed part  Plant species Oxalic acid Quinic acid Malic acid Ascorbic acid  Citric acid Fumaric acid  Total
Brassica oleraceae var costata 334+0.07° 12.05+0.07° 7.93+145°  035+0.00°  50.48+0.98" 043+0.01"  74.57+0.46"
rlowers Brassica napus var napus nd 27.90+1.03*  20.55+2.13*  1.00 +0.03" 39.96 + 1.87° 0.52+0.01* 89.94 + 1.33%
Lycopersicon esculentum (“amarelo”) 0.76 £ 0.00°  9.27 +0.46° 17.22+0.28"  2.55+0.02° 88.84 + 0.90° nd 118.63 £0.15°
_ Lycopersicon esculentum (“batateiro”) 0.81+£0.33*  5.28+0.25° 6.14 +0.39 3.35+0.07° 15290 £13.99° nd 168.47 + 7.62°
e Lycopersicon esculentum (“chucha”) 0.97+0.10°  9.92+0.58" 0.35 +0.04° 3.070.08" 64.52+0.37¢ nd 78.82 +0.19°
Lycopersicon esculentum (“coragio de boi™)  0.86+0.12°  12.02+1.19*° 526+ 1.64° 3.22+0.10° 141.32+£18.30° nd 162.68 + 3.89"

nd- not detected. In each column, different letters mean significant differences among samples (p<0.05).



Table 3. Organic acids composition (mg/g of dry weight) of the studied wild edible plants (mean = SD).

Analysed part Plant species Oxalic acid Quinic acid Malic acid Shikimic acid ~ Ascorbic acid  Citric acid Succinic acid ~ Fumaric acid Total
Asparagus acutifolius 6.06 035" 11.94+£024° 120+022° nd 1.66 + 0.00° 26.77+0.14*  7.10 +0.20° nd 54.73+0.31°

Young shoots Bryonia dioica nd 13.44£0.59°  12552+1.78" nd 0.25 £ 0.00° 7.93+025° nd 0.54 +0.00° 147.68 +2.13°
Tamus communis 970+ 1.42° nd 4.67 +0.04° 2.06 + 0.00° 1.55+0.14° 27.14£1.52* nd nd 45.12 + 2.66°
Borago officinalis 4287+031° nd 2.58+0.29° 0.12 £ 0.00° nd 7.12+£031°  625+0.16°  23.01+036°  81.93=0.80°
Montia fontana 3528+ 0.16° 9.82+1.65° 3.14£0.01° nd nd 22.19+041° nd nd 70.42 +1.074

Leaves and aerial parts
Rorippa nasturium-aquaticum 3712 £0.79° 352+ 1.15° 11.70 £0.51°  0.15+0.00° nd 56.32+3.41° 517+0.08°  0.14+0.02° 114.12 + 0.90°
Rumex acetosella 1253 £0.119 23801 £2.67*° 15.65+0.20°  nd 6.61+0.01° 24340154 1.74£0.06°  0.04£0.00° 277.00 + 2.78°
Foeniculum vulgare 2331+£038 16.90+£0.04°  6327+027°  0.09+0.06° nd 23.33+£020° nd 0.51+0.02° 127.41 + 0.88°

Flowers Origanum vulgare 3.16+0.01°  23.03+0.71°  5.08+0.06° 0.22 +0.02° nd 13.72£0.08° nd nd 45.21 +0.86°
Thymus mastichina 470+042° 11242005  624+021° nd tr 6.72+1.77° nd 0.08 £ 0.02° 28.97 £2.37°
Arbutus unedo 210+£0.11°  5393+1.16 13.71£0.71° nd 4.81+0.02° 0.67+0.13° nd 0.01 +0.00° 7522+ 1.88°

. Crataegus monogyna 2.10£0.12°  8.03+0.01° 1511+£0.10°  0.23£0.00° nd 0.73+0.03° nd nd 74.19 + 0.93°

s Prunus spinosa 1.18£0.05°  0.38+0.13¢ 93.16 £0.06°  0.06+0.01° 0.04 £ 0.00° 0.42+£0.03°  032+0.01*  0.01=0.00° 95.57 + 0.10°

Rosa canina 291+036°  14.59£0.07°  6.15+0.09° nd 3.71£0.02° 60.94+1.76" nd 0.01 + 0.00° 88.31 +1.97°

nd- not detected. In each column, different letters mean significant differences among samples (p<0.05).
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Table 4. Organic acids composition (mg/g of dry weight) of the studied wild medicinal plants (mean + SD).

Analysed part Plant species Oxalic acid Quinic acid Malic acid Shikimic acid ~ Ascorbic acid  Citric acid Succinic acid ~ Fumaric acid  Total
Centaurea paniculata 2.83 +0.04° 1826 £0.68°  4.14+0.13%  1.29+0.08° nd 1029 £0.39% 530023 nd 42.12 + 1.089
Crataegus monogyna 9.15+0.88% 30.83+0.93°  2046+045 nd 2.14+£0.21° 8.33 +£0.07° 328+0.15° nd 74.19 +0.93°
Cytisus multiflorus 2.60 + 0.00° 11.67+0.68°  254+0.19" nd 0.19£0.01%  1.89+0.13" tr 0.08+0.00°¢  19.03 £1.09°
Cytisus scoparius 2.60+0.27° 5.55+0.438 520+027°  nd 0.07 £0.02 " nd 0.05+0.00"  13.47 +0.45¢
Cytisus striatus 291+021° 3.06 +0.02" 10.66 £ 0.46° nd 0.08+0.01°  1.49+0.62" 202£047  0.06+0.00°  2027+0.81"
Filipendula ulmdéria 9.81 +0.39™° 0.16 £ 0.03" 8.23+0.53*  1.01+0.01° 1.55+0.08° 7.97 £ 1.60° nd 0.28+0.04"  29.00 £2.46°
Flowers and Helichrysum stoechas 2.10+£0.07° 1299+ 043°  9.14+036%  0.09+0.00° 0.01 + 0.008 1235+ 0.46° 2.19+0.17  0.04+0.015°  38.90+0.57
flowering shoots Malva sylvestris 8.14 + 0.52% tr? 3.79+0.10°  nd 0.27 + 0.00¢ 486+ 1.11% nd 343+£0.01*  20.50+1.54°
Pterospartum tridentatum ~ 1.44 +0.35° 1.77 £0.22™ 127+0.10°  0.34+0.01¢ nd 2.83 +0.23"% 0.43 +£0.23° 0.01£0.00"  8.10+1.488
Rosa micrantha 9.62 +0.55% 40.16 £0.53*  12.36+0.65° 2.08 £ 0.40° nd 7.14 £ 0.70™ nd 0.11£0.02¢  71.47+1.75°
Rubus ulmifolius 4.65 +0.35% 26.26 +£0.19° 10.93 £0.16°  1.92 +0.06* 0.01 £ 0.00¢ 9.91+0.56° 2344042  0.05+000°  56.08+0.35°
Sambucus nigra 14.67 + 0.15° 2555+1.59° 1959+ 1.14* 1.89+0.14° 0.14+£0.01 9732558 nd 0.25 +0.01° 159.39 + 8.32°
Trifolium angustifolium 2.83 +0.45° 19.60£0.53%  7.52+0.62°  0.04=0.00° nd 10.84 + 1.48% nd 0.04 £ 0.005"  40.87 £0.13¢
Tuberaria lignosa 1443 £1.54"  9.80+0.25 244+0.10" nd 1.90 + 0.06" 423 +0.64% 6.69 + 0.52* 0.03£0.005  39.51+ 1339
Fruits Rosa micrantha 3.53+0.47 7.96 £ 0.54 355+027 nd 4.15+0.04 34.71+0.79 nd nd 53.89 + 0.86

nd- not detected; tr- traces. In each column, different letters mean significant differences among samples (p<0.05).
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Figure 1. UFLC organic acids profile recorded at 215 nm of Arbutus unedo. MP-
mobile phase; 1- oxalic acid; 2-quinic acid; 3-malic acid; 4-ascorbic acid; 5- citric
acid and 6- fumaric acid.



