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THE PRESENCE OF OXALATES IN THE COCOA POWDER FROM ORGANIC AND
CONVENTIONAL PLANTATIONS

Summary

The objective of this study was to assess the content of oxalates in the samples of cocoa powder available on Polish market,
obtained from the cocoa beans from organic and conventional farms. The cocoa is an important food product, which is used
for immediate consumption as well as for chocolate production. It is also used in confectionery. The cocoa is of high senso-
ry and nutritional value. However, it also contains antinutrients, including oxalates. It was hypothesised that cocoa beans
from conventional cultivation contain more oxalates. The study is aimed to describe cocoa as a commodity product and dis-
cuss the presence of oxalates in food products as well as their toxicological aspects. The contents of soluble oxalates in co-
coa powder with regard to the method of cocoa farming have been presented therein. The oxalates content in cocoa ob-
tained from organic beans ranged from 322+10 to 1173.52 + 21.28 mg/100g and from 727.5 + 53.03 to 1477.5 + 31.82
mg/100g in cocoa beans from a conventional farm. The statistical analysis showed that the method of farming significantly
influenced the content of oxalates.
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OBECNOSC SZCZAWIANOW W PROSZKU KAKAOWYM Z PLANTACJI
EKOLOGICZNYCH I KONWENCJONALNYCH

Streszczenie

Celem pracy byla ocena zawartoSci rozpuszczalnych szczawianow w probkach proszku kakaowego dostepnego na polskim
rynku pochodzqcego z ziarna kakaowego z plantacji ekologicznych i konwencjonalnych. Kakao jest waznym produktem spo-
zywezym, ktory stuzy do bezposredniego spozycia, jak rowniez jest skladnikiem do produkcji czekolady oraz wykorzystywa-
nia w cukiernictwie. Jest to produkt atrakcyjny sensorycznie o wysokich walorach odzywczych. Trzeba jednak pamietal, ze
zawiera on rowniez zwiqzki antyodzywcze, do ktorych nalezq szczawiany. Postawiono hipoteze iz ziarno kakaowe z konwen-
cjonalnego systemu uprawy zawiera wiecej szczawianow. W pracy dokonano charakterystyki towaroznawczej kakao i omo-
wiono wystepowanie szczawianow w zywnosci oraz ich toksykologiczne aspekty. Zaprezentowano wyniki zawartosci szcza-
wianow rozpuszczalnych w proszku kakaowym w zaleznosci od sposobu uprawy. Kakao z ziarna organicznego zawierato od
322410 do 1173.52 £ 21.28 mg/100g, a kakao z ziarna konwencjonalnego od 727.5 + 53.03 do 1477.5 £ 31.82 mg/100g
szczawianow. Analiza statystyczna wykazata, Zze na zawartosc szczawianow wplywat w sposob istotny sposob uprawy.

Stowa kluczowe: kakao, proszek kakaowy, plantacja ekologiczna, plantacja konwencjonalna, szczawiany

1. Introduction

Food is the fundamental element of human existence
and it is a source of energy, building and nutritional com-
ponents which influences the health and mental condition
as well as human behaviour. The composition of food in-
cludes the basic nutrients as proteins, lipids, saccharides
and micronutrients which are vitamins, mineral nutrients,
enzymes, pigments, polyphenolic compounds and others.
The presence of these compounds determines the quality of
healthy food. Apart from these elements, food also contains
a number of other compounds - natural antinutrients and
non-nutrients.

The natural antinutrients include a great number of
compounds of diverse structure. The oxalic acid and its
salts are the examples of antinutrients. The oxalic acid in-
fluences the mineral balance of the body. The excessive
amount of the oxalic acid may cause renal diseases [1-3].
Oxalic acid is present in vegetables and fruits as well as
their preserves, e.g. spinach, dock, rhubarb, coffee, tea, co-
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coa, sesame seeds, cauliflower, numerous herbs and spices,
beer and cider [2, 4].

The objective of this study was to assess the content of
soluble oxalates in the cocoa powder available on Polish
market, obtained from the cocoa beans from organic and
conventional farms.

2. Cocoa as a commodity product

Cocoa is extracted from the seeds of cocoa tree Theo-
broma cacao L. (Sterculiacae). The largest plantations of
cocoa trees are located in Africa (comprising 70% of the
world production, of which 40% is cultivated in the Ivory
Coast). There are several varieties of cocoa trees, however,
the following varieties: criollo, forastero, trinitario and na-
tional are of the greatest significance [5-6].

Cocoa pods are the main raw material. They contain
from 30 to 40 seeds which are set in a soft pulp. After being
deshelled, the seeds undergo natural fermentation or fer-
mentation with Lactobacillus sp. The seeds are subsequent-
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ly dried and roasted, separated from their skins, cracked,
partially deoiled, and ground to powder. The cocoa beans
are the source of various products, such as cocoa powder,
cocoa paste (mass), coarsely ground cocoa and theobroma
oil, also called cocoa butter. Apart from chocolate, cocoa
powder is the most popular product made of cocoa beans. It
contains numerous beneficial compounds and nutrients.

The excellent properties of cocoa have been known for
several thousand years. Nowadays, the cocoa trees are cul-
tivated in about 60 countries, however, only a few of the
countries are the main exporters of cocoa [5]. Cocoa trees
are cultivated on the area of over 70 000 km?. About 70%
of the world’s cocoa production is located in Africa (mainly
forastero), 20% in Asia (mainly tirnitario), and 10% in
South America (mainly trinitario and forastero as well as
some of the types of criollo) (Figure 1).

B Countiies with mainky Tl cxpa

B Countries with mainky "comsumes” cocoa

Fig. 1. The main areas of cultivation of cocoa [7]
Rys. 1. Glowne obszary upraw Theobroma cacao L. [7]

The following countries were the world’s leading pro-
ducers of cocoa in the years 2012/2013: Ivory Coast (36.9%),
Ghana (21.3%), Indonesia (10.4%), Cameroon (5.7%), Nige-
ria (5.7%), Ecuador (4.9%) and Brasil (4.7%) [8].

The kilogram per capita consumption of cocoa beans in
different countries as of 2011/2012 are presented in Figure 2.
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Source: Own study based on [9]
Fig. 2. Apparent consumption of cocoa per capita (in
2011/12)
Rys. 2. Spozycie kakao na swiecie w 2011/12 [kg/mieszk.]

The cocoa bean comprises various components. The
majority of fat is in the bean’s kernel and it is partially re-
moved from the kernel in the process of pressing. The ex-
tracted paste (mass) contains 8-23% of fat and is used in the
production of cocoa powder. There are three types of cocoa
powder, with regard to the fat content: whole fat (20-22%),
fat (15-17%) and skimmed (9-11%). The components of
cocoa beans are used in the production of food, cosmetics
and medicines [10].
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The cocoa beans also contains saccharides, proteins, pu-
rine compounds (caffeine and theobromine) and polyphe-
nolic compounds [11]. During fermentation, the cocoa bean
undergoes a number of various changes, which form the
cocoa bean’s sensory properties. The aroma is developed
fully in the process of roasting [6, 12].

The up to date research has confirmed the cardioprotec-
tive effect of cocoa - as the source of compounds of antiox-
idant properties, mainly proanthocyanidins occurring in the
form of monomers as catechins and epicatechins or in the
form of oligomers of catechins and epicatechins as procya-
nidin, which have beneficial effect on the function of the
endothelium of blood vessels, prevent inflammation and
thrombosis processes which leads to the development of
arteriosclerosis [13-15].

The research has also showed that cocoa and chocolate
are free radical scavengers which is of great importance in
cancer prevention [16]. Cocoa and its products also reduce
the cholesterol level and the regular consumption of bitter
chocolate may increase the concentration of HDL choles-
terol (high density lipoprotein) [17]. The research also
showed the beneficial effect of cocoa and its preserves on
the nervous system. Cocoa contains three main alkaloids,
caffeine, theobromine and theophylline. Each of these com-
pounds demonstrates different effect on the nervous system.
The content of caffeine in cocoa varies from 0.2 to 0.3%
[18]. The regular consumption of caffeine may have a bene-
ficial effect on endocrine, nervous, urinary and respiratory
systems [19]. The studies also showed that the caffeine may
demonstrate neuroprotective properties in the Alzheimer’s
and Parkinson’s diseases. Caffeine reduces the feeling of
tiredness, boosts and improves the mood and may have an-
ticarcinogenic effect. Theophylline demonstrates the
strongest diuretic effect, but it also causes dilation of bron-
chi and bronchioles [19]. Theobromine, occurring in cocoa
in the biggest amount, is the most typical alkaloid of cocoa.
The cocoa powder comprises about 2-4% of theobromine,
the content of theobromine in chocolate is about 1% [20].
Theobromine improves concentration, boosts and partially
reduces the effect of tiredness. The positive aspect of the
theobromine consumption is that, in comparison to caffeine
consumption, it does not cause cardiac arrhythmia and does
not increase the blood pressure [21]. It also has a diuretic
effect and releases the bronchi muscles [18]. Some of the
research also showed that theobromine has an antitussive
effect [22].

The amount of 100 g of cocoa contains 1400 mg of fla-
vonoids and procyanidins [23]. Some of the researchers
claim that cocoa may contain more polyphenols than wine
and tea [24]. Cocoa may also include antinutrients or com-
pounds of negative effect such as oxalates.

3. The oxalates in food of plant origin

The oxalic acid is a common component of plants and
animals. This compound is regarded as antinutrient as it in-
hibits the bioavailability of minerals. Some plants have the
ability to cumulate high concentrations of dicarboxylic ac-
ids. There are several precursors of the oxalic acid in plants,
including glyoxylate and L-ascorbic acid [25].

The function of the oxalate acid in plants has not been
fully known. There are some indications that a high content
of oxalate acid may protect plants against animals, insects
and contagia, due to its influence on the taste, texture, acidi-
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ty and the availability of calcium. It has been also suggested
that it may serve as a pH regulator and osmoregulator in
plants [2].

The oxalates are a common substance and are the end-
products of metabolism in plants. Simultaneously, they are
undesirable in the human diet due to their negative effects
[2]. They are found in the form of salts soluble in water,
combined with Na*, K" and NH," ions whereas the insolu-
ble salts are formed by combining with Ca*", Fe*" and Mg’
ions. They are generally described as insoluble oxalates and
they are not absorbed in the digestive tract. A regular high
consumption of the oxalates with food is alarming due to
their negative effects on health [26].

Table 1. Range of published oxalate values [mg/100 g] for
foods
Tabela 1. Zawartosé¢ szczawianow w zZywnosci [mg/100 g]

Food (100 g) Description Ran‘%;hc;;p El;lgl]s hed
Spinach Raw 400-900
Rhubarb Raw or cooked 260-1235
Star fruit (ca- Raw 80-730
rambola)

Beet Roots 76-675
Beet Leaves 121-916
Tea (100 ml) Black, brewed 48-92
Tea (100 ml) Green, brewed 6-26
Tea (100 ml) Herbal, brewed 0-8
Chocolate Cocoa powder (ba- 170-623
king)
Chocolate Milk chocolate 42-123
Candy
Tree nuts Almonds 431-490
Tree nuts Cashews 231-262
Tree nuts Hazelnuts 167-22
Tree nuts Walnuts 74
Tree nuts Pecans 64
Tree nuts Pistachios 49-57
Tree nuts Macadamia 42
Bran Wheat 457
Legumes Beans, cooked 8-91
Legumes Peanuts 96-705
Legumes Soybeans, dried 2-21
Legumes Tofu 3-280
Legumes Textgred vegetable 58150
protein
Meat substitutes,
Legumes links, patties 87-154

Source: Own study based on [2, 28]

The soluble oxalates are absorbed by the human body
and they enhance the increase in the oxalic acid concentra-
tion in urine [27], whereas the insoluble oxalates are direct-
ly excreted with faeces. In case of oversaturation of urine
with oxalates, the urine may crystallize in the form of in-
soluble salt, as calcium oxalates, and as gall stones in the
kidneys. The oxalates may cause bone decalcification, ar-
thritis or impair the muscle contraction and heart beat [28].

The available research [29] have stated that the accepta-
ble daily intake (ADI) of oxalates for adults is about 250
mg per day. In the countries of Western Europe the average
consumption of oxalates in food ranges from 100 to 150 mg
per day. It should be noted that about 50% of the calcium
oxalates from food dissolve in stomach and the calcium
ions and oxalic acid are absorbed into blood stream and in-
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ternal organs in the upper section of small intestine. A cer-
tain amount of the acid passes to the muscle tissue and
bones, and the rest undergoes partial oxidation or is excret-
ed with urine. The excessive excretion of the oxalates with
urine, above 60 mg per day, contributes to crystallization of
calcium oxalate in the urinary tract and therefore one of the
most common type of renal calculus is the calcium oxalate
renal calculus. 80% of the persons suffering from this dis-
ease is diagnosed with this type of renal calculus (kidney
stones) [30].

The content of oxalates in food products is diversified
and it depends on numerous factors. Table 1 presents the
content of oxalates in certain food products.

4. Material and methods

The analysis of the oxalate content was performed on 12
samples of cocoa, 6 from organic production and 6 from
conventional production. The organic cocoa was manufac-
tured by the following manufacturers: Naturata, NatVita,
Natubio, Terra etica, Surovital and Symbio. The majority of
the manufacturers of organic cocoa could define the place
of origin of the cocoa. The organic cocoa originated from
Ecuador, Dominican Republic, three samples were from
Peru, two of which were Criollo. All samples of the organic
cocoa were certified and included the names of the certify-
ing units.

The manufacturers of the conventional cocoa were
Magnetic, Sweet, Celiko, Deco Morreno, E. Wedel and Van
Houten. Three manufacturers of the conventional cocoa
stated the place of origin of the product. The samples origi-
nated from Ghana, Australia and Africa. None of the con-
ventional cocoa package included the information of the
variety of cocoa tree. Both organic and conventional cocoa
was mostly a skimmed product in the range of 9-14% of fat
and the samples (O1, C1) contained 21% of fat.

All the cocoa samples were encoded. The samples of the
organic cocoa were labeled with the symbols from Ol to
06 and the conventional cocoa samples were labeled with
symbols from C1 to C6.

The content of soluble oxalates was marked with hot
water extraction method and, next, it was precipitated by
means of CaCl, calcium salt and next dissolved in H,SO,
acid. After the dissolution it was hot titrated with the solu-
tion of KMnOy until pink colour was obtained and main-
tained for about 1 minute [31].

5. Test results and discussion

The results of the analyses regarding the general assess-
ment of cocoa as a commodity as well regarding the content
of oxalates in cocoa samples coming from organic and con-
ventional plantations have been presented in Table 2.

It has been confirmed that the conventional cocoa avail-
able on Polish market is in most cases labeled inappropri-
ately. No country of origin has been found on the label. The
consumer purchasing the product does not know where the
product originates from. This is incompliant with the appli-
cable regulations [32].

Most of the conventional cocoa powder available on
Polish market is a skimmed cocoa type. Only one product
was a full fat cocoa. Among the samples of organic cocoa
only one product was a full fat cocoa and one fat cocoa
whereas the rest of products were skimmed cocoa. The full
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fat and fat cocoa requires special protection against light
and oxygen in order to prevent the rapid fat oxidation.

Table 2. The soluble oxalic acid in cocoa
Tabela 2. Rozpuszczalne szczawiany w kakao

The content of The fat
Sample . L
number Origin oxalic acid content
[mg/100g] [%0]
ORGANIC COCOA

0] Ecuador 330+21.21 21

02 Dominican | 1173 5> 19128 | 10-12
Republic

03 Peru (variety | 306, 51 91 12
Criollo)

04 Peru (variety | 1397 5.4 31.82 14
Criollo)

05 Dominican 1 55, 5 19,61 95
Republic

06 Peru 322.5+10.61 10

COCOA CONVENTIONAL

Cl no data 727.5 +53.03 21

C2 no data 1110 +21.21 10.5

C3 Ghana 1477.5+31.82 11

C4 no data 1410 +£21,21 10.5

C5 no data 787.5 +53.03 11

Co6 no data 990 +21.21 10-12

Value F 3.636*
* statistically significant p = 0.09

Source: Compiled on the basis of own results
/ Zrédto: Opracowano na podstawie badan wtasnych

The content of the soluble oxalates in the tested samples
was very much differentiated. The organic cocoa contained
from 322+10 to 1173.52 + 21.28 mg/100g (of oxalates).
However, a higher content of the soluble oxalates has been
confirmed in the conventional cocoa, from 727.5 + 53.03 to
1477.5 + 31.82 mg/100g. The statistical analysis confirmed
this dependency to be statistically significant (Fig. 3).
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The current effect: F(1, 10)=3.6367, p=.08563
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Fig. 3. The content of oxalate in organic and conventional
cocoa
Rys. 3. Zawartos¢ szczawianow w kakao ekologicznym i
konwencjonalnym

The research of Schroder et al. [33] has confirmed the
presence of the soluble oxalates from 360 + 1.7 to 567 £ 8.9
mg/100g in the tested cocoa purchased in organic stores and
supermarkets in different countries.
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However, it had been proved in the earlier research that
systematically drunk cocoa could increase the risk of renal
calculus [34]. Still, it has to be taken into account that only
10-20% of the oxalates entering human body with food get
absorbed whereas the remaining 40-50% of the oxalate ani-
on present in blood plasma is created from glycine and the
other 40-50% from ascorbic acid [35-36].

Conclusions

The research conducted within this study has shown that
the method of farming has significantly influenced the con-
tent of oxalates in cocoa. The cocoa powder obtained from
the organic cocoa grains contained remarkably less oxalates
than the cocoa from a conventional plantation. The toxico-
logical aspect of oxalates causes that the consumption of
food rich in oxalates should be limited, especially for the
people suffering from kidney stones. Cocoa and cocoa pro-
cessed products belong to the food group with a high oxa-
late content. Therefore, nutritional education and dietetic
limitations are important for people suffering from urinary
system disorders, especially from renal calculus.

References

[1] Tatataj M., Tobota M., Marcinowska-Suchowierska E.: Ka-
mica uktadu moczowego — prewencja i leczenie farmakolo-
giczne. Post. Nauk Med, 2009, 5, 387-394.

[2] Noonan S.C., Savage G.P.: Oxalate content of foods and its
effect on humans. Asia Pacific J. Clin. Nutr., 1999, 8(1), 64-
74.

[3] Sakhaee K.: Recent advances in the pathophysiology of
nephrolithiasis. Kidney Int, 2009, 75, 585-595.

[4] Attalla K., De S., Monga M.: Oxalate Content of Food: A
Tangled Web. Urology, 2014, 84 (3), 555-560.

[5] Kania-Lentes P.: Od ziarna kakaowego do czekolady, Przegl.
Piek. Cukier, 2005, 10, 62-63.

[6] Swiechowski C. Metody uszlachetniania ziarna kakaowego.
Przegl. Piek. Cukier, 2000, 4, 50-53.

[7]1 http://cocoa-production-oacc-2013 [dostep: 10.05.2015].

[8] http://www.icco.org/ [dostep: 10.05.2015].

[9] Anga J.M.: The World Cocoa Economy: Current Status,
Challenges and Prospects. Multi-year expert meeting on
commodities and development 9-10 april 2014.
http://unctad.org/meetings/en/Presentation/SUC_MEM2014
09042014 _ICCO.pdf. [dostgp: 10.05.2015].

[10] Smiechowska M., Dmowski P., Newerli-Guz J.: Uzywki. In:
Towaroznawstwo artykutow spozywczych, cz¢$§¢ 1. Red.
P. Przybylowski, Wyd. Akademia Morska w Gdyni, Gdynia
2003.

[11] Smiechowska M., Ktobukowski F.: Determination of total
polyphenols content and antioxidant properties of cocoa
powder. Tow. Probl. Jak, 2012, 1(30), 91-100.

[12] Trojanowska K., Trojan E., Aspekty surowcowe, technolo-
giczne 1 mikrobiologiczne produkcji proszku kakaowego.
Przegl. Piek. Cukier, 2000, 6, 32-35.

[13] Cooper, K. A., Donovan, J. L., Waterhouse, A. L., William-
son, G.: Cocoa and health: a decade of research. Br. J. Nutr,
2008, 99, 1-11.

[14] Sies, H., Schewe, T., Heiss, C., Kelm, M.: Cocoa polyphe-
nols and inflammatory mediators. Am. J. Clin. Nutr, 2005,
81, 304S-312S.

[15] Krotki M., Stoparczyk B.: Wlasciwoséci przeciwutleniajace
kakao w zapobieganiu chorobom uktadu krazenia, Post.
Fitoter, 2009, 1, 45-49.

[16] Giacometti J., Muhvi¢ D., Pavletic A.: Cocoa polyphenols
exhibit antioxidant, antiinflammatory, anticancerogenic, and
antinecrotic activity in carbon tetrachlorideintoxicated mice.
J. Funct. Foods, 2016, 23, 177-187.

.Journal of Research and Applications in Agricultural Engineering” 2016, Vol. 61(4)



[17] Baba S., Osakabe N., Kato Y., Natsume N., Yasuda A., Kido
T., Fukuda K., Muto Y., Kondo K.: Continuous intake of
polyphenolic compounds containing cocoa powder reduces
LDL oxidative susceptibility and has beneficial effects on
plasma HDL-cholesterol concentrations in humans. Am. J.
Clin. Nutr, 2007, 85, 709-717.

[18] Kohlmiinzer S.: Farmakognozja. Wydawnictwo Lekarskie
PZWL, Warszawa 1998.

[19] Martinez-Lopez S., Sarria B., Gomez-Juaristi M., Goya L.,
Mateos R., Bravo-Clemente L.: Theobromine, caffeine, and
theophylline metabolites in human plasma and urine after
consumption of soluble cocoa products with different
methylxanthine contents, Food Res. Int, 2014, 63, 446-455.

[20] De Sena A.R., Aparecida de Assis S., Branco A.: Analysis of
theobromine and related compounds by reversed phase High-
Performance Liquid Chromatography with ultraviolet detec-
tion: An update (1992-2011). Food Technol. and Biotech,
2011, 49, 413-423.

[21] Mitchell E.S., Slettenaar M., Meer N., Transler C., Jans L.,
Quadt F., Berry M.: Differential contributions of theobromine
and caffeine on mood, psychomotor performance and blood
pressure. Physiol. Behav, 2011, 104, 816-822.

[22] Usmani O. S., Belvisi M. G., Patel H. J., Crispino N., Birrel
M.A., Korbonits M., Korbonits D., Barnes P.J.: Theobromine
inhibits sensory nerve activation and cough. The FASEB J,
2005, 19(2), 231-233.

[23] Steinberg F.M, Bearden M.M., Keen C.L.: Cocoa and choco-
late flavonoids: Implications for cardiovascular health. J. Am.
Diet Assoc, 2003, 103, 215-223.

[24] Lee K.W., Kim Y.J. , Lee H.J., Lee Ch.J.: Cocoa Has More
Phenolic Phytochemicals and a Higher Antioxidant Capacity
than Teas and Red Wine. J. Agric. Food Chem, 2003, 51,
7292-7295.

[25] Kostman T.A., Tarlyn N.M., Loewus F.A., Franceschi V.R.,
Plant Physiol, 2001, 125, 634-640.

[26] Siener R., Schade N., Nicolay C., von Unruh G.E., Hesse A.:
The efficacy of dietary intervention on urinary risk factors for
stone formation in recurrent calcium oxalate stone patients. J.
Urol, 2005, 173, 1601-1605.

Paulina W. WITT, Maria SMIECHOWSKA, Filip Kt OBUKOWSKI

222

[27] Lewandowski S., Rodgers A.L.: Idiopathic calcium oxalate
urolithiasis: risk factors and conservative treatment. Clinica
Chim. Acta, 2004, 345, 17-34.

[28] Massey L.K.: Food oxalate: Factors affecting measurement,
biological variation, and bioavailability. J. Am. Diet. Assoc,
2007, 107(7), 1191-1194.

[29] Robertson W.G.: Role of dietary intake and intestinal absorp-
tion of oxalate in calcium stone formation, Nephron. Physiol,
2004, 98, 64-71.

[30] Stamatelou K., Francis M., Jones C., Nyberg L., Curhan G.:
Time trends in reported prevalence of kidney stones in the
United States: 1976-1994. Kidney Int., 2003, 63, 1817-1823.

[31] Wierzbicka E.: Oznaczanie szczawian6w rozpuszczalnych w
wybranych uzywkach. W: Toksykologia Zywnosci. Prze-
wodnik do ¢wiczen. red. Brzozowska A. Wydawnictwo
SGGW, Warszawa 2004.

[32] Regulation (eu) no 1169/2011 of the European Parliament
and of the council of 25 October 2011 on the provision of
food information to consumers, amending Regulations (EC)
No 1924/2006 and (EC) No 1925/2006 of the European Par-
liament and of the Council, and repealing Commission Di-
rective 87/250/EEC, Council Directive 90/496/EEC, Com-
mission Directive 1999/10/EC, Directive 2000/13/EC of the
European Parliament and of the Council, Commission Direc-
tives 2002/67/EC and 2008/5/EC and Commission Regula-
tion (EC) No 608/2004. http://eur-lex.ecuropa.cu/legal-
content/EN/TXT/PDF [dostep: 10.05.2015].

[33] Schroder T., Vanhanen L., Savage G.P.: Oxalate content in
commercially produced cocoa and dark chocolate. J. Food
Comp. Anal, 2011, 24, 916-922.

[34] Hesse A, Siener R, Heynck H, Jahnen A.: The influence of
dietary factors on the risk of urinary stone formation. Scan.
Microsc, 1993, 7, 1119-1128.

[35] Holmes R.P., Assimos D.G.: The impact of dietary oxalate on
kidney stone formation. Urol. Res, 2004, 32, 311-316.

[36] Tsai J.Y., Huang J.K., Wu T.T., Lee Y.H.: Comparison of
Oxalate Content in Foods and Beverages in Taiwan. JTUA,
2005, 96 16(3), 93-98.

.Journal of Research and Applications in Agricultural Engineering” 2016, Vol. 61(4)



