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Anti-nutritive components in multi resistant potatarieties were investigated in relation to
conventional and organic farming for three yearyc@alkaloids, nitrate, nitrite, asparagine

and glutamine content of tubers were examined. griechnology was found not to have
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an effect on the level of glycoalkaloids; which wenfluenced mostly by the genotype and
season. Nitrogen fertilisation caused significaarease in nitrate, asparagine and glutamine
content as compared to organic farming. Nitritetenhwas found to be more independent of
farming technologies then nitrate. Tubers of Riogal the lowest nitrate content irrespective
of season or technology. In conclusion the absoarm®unt and changes of different
antinutritive components of potato tubers wereuificed differently by the technology,
genotype and season in a complex manner. Orgamingrnfg could not effect on glycoalkaloid
content, but it has other positive effect, like eawnitrate levels which found to be beneficial

according health critics.

Keywords: organic farming; potato; glycoalkaloids; nigradsparagine; glutamine.

Organic farming extends rapidly because crop prooliavithout or limited use of fertilizers
and pesticides is beneficial to the consumers amwrament as well. However, what the
researches have been conducted during the lasi@eta compare organic and conventional
foods with respect to nutritional composition, #fects of organic farming on vegetable crop
guality and nutrient content are still not consist&Some studies concluded that vegetables
originated from organic production are richer intrrants, particularly organic acids, vitamins
and poly-phenols than conventionally produces giMsTER & DAvis, 2006). Other studies
could not confirm significant differences in nutiie between organic and conventional

production methods (MRMAN & HAVARD, 1998).

Two major hypotheses have been suggested to expiiainpossible increases in
secondary metabolites in organic versus converitiooas. According to the first hypothesis
in conventional agriculture synthetic fertilizerske N more available for the plants and may
accelerate plant growth and development. This rapiowth results a decrease in the
production of plant secondary metabolites. The sedoypothesis considers the chemical
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defence mechanisms of plants to stressful envirohnigsami et al., 2003). The same
mechanisms may result in the elevation of metadmlhtaving both of toxic and positive

nutritional effects (WNTER & DAvis, 2006).

Potato is one of the most important staple foods iarplays a significant role in
human diet worldwide. Its intensive cultivation @as®s the operation of effective plant
nutrition and plant protection systems. In mosesahis means the intensive use of chemicals
leading to serious environmental and food safetycems. Growing of potato under organic
conditions to overcome such problems can be aisolutiowever organic potato producers
face difficulties in terms of dealing with adequagtéant nutrients, especially nitrogen
application; weed, insect and disease control ss¢HeisLovA et al., 2005; HRENCIA et al.,
2011). The use of varieties having a wide rangeaddptability to different factors is

prerequisite for successful organic potato produncti

From the human nutrition point of view occurrené¢eseveral types of glycoalkaloids
threatens consumer’s healthrR(EDMAN & LEVIN, 2009). The total glycoalkaloid (TGA)
content in tubers is affected by the genotype, aflénproduction technology, storage time,
sprouting and exposure to light and heat. Restiitesearchers did not prove a definite effect
on the formation of glycoalkaloids in tubers. Soofethem did not reveal any differences
between organic and integrated farming methodsgretifiound higher or lower the TGA

content in organic plants BReu et al., 2007).

Acrylamide (AA) is a well known hazardous componehtfoods with neurotoxic,
carcinogenic effects. The major route for AA forioatis the thermal degradation of free
asparagine in the presence of reducing sugars gldn& Maillard reaction. Potato tubers
contain substantial amounts of the AA precursorgclviexplain the high concentrations of
acrylamide in potato products. Reducing sugarsegarded as limiting factors with respect
to acrylamide formation, thus maintaining low sugantent in tubers is crucial. However,
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reducing sugars can accumulate rapidly in tubersedtat temperatures below 5 °C and
increase to a point where reducing sugar contem¢ ilonger limiting and asparagine content
becomes the critical driving factor @MSURRA-ENDO et al., 2006). This was the reason to

investigate also the glutamine and asparagine sbimgotato tubers.

Consumption of high levels of nitrate may causdthgaoblems, especially in babies
and some cancers. Several scientists concludedhiatitrate content of organically grown
foodstuffs (including potato) is generally is low#ran in conventionally grown products

(RuTKOwsKA, 1999).

The objective of the present study was the comparig internal components of three
Hungarian potato varieties having complex resistamaits due to their wild species origin
and grown under conventional and organic farmingctices with special focus on the
measurement of TGA, nitrate, nitrite, asparagine gtutamine content of tubers. The

seasonal effect (3 years) on such antinutritivepmmmds was also aimed.

1. Materials and methods

The standards materials were purchased from SigithdeA Ltd. (St Louis, USA).
Acetonitrile, acetic acid, potassium hexacyanoter(#), zinc acetate, sulfanilamide chloride
and n-(1-naphtyl) ethylenediamine were purchasewh fiMerck (Darmstadt, Germany). Acids
used for sample digestion were of Hiperpur gradenfrPanreac (Darmstadt, Germany).
Standard solutions for elemental analysis were haged from Carlo Erba (Paris, France),
Merck and Pancreac. All reagents were of analytieatjent grade. Ultrapure water generated
by the Milli-Q System (Millipore, Darmstadt, Germgrwas used. SPE cartridge (ENVI-18 6
ml) and PTFE sample filter (25 mm x 0,45 pum) wewgchased from SUPELCO Co. (St

Louis, USA)

1.2 Plant material and growth conditions
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Potato varieties Rioja, Hopehely and White Ladyiodte from the commercial breeding
programme of University of Pannonia, Potato Rese&entre, Keszthely, Hungary. The
varieties show complex resistance to potato viruX A and leaf roll virus (PVY, PVX, PVA
and PLRV) as to common scaftreptomyces scabies). Cv. Hopehely and White Lady are
resistant to potato golden cyst nemato@mlfodera rostochiensis, pathotype Rol and Ro4)
while White Lady has high field resistance to potéite blight (PRytophthora infestans).
During their breeding exotic potato spec&scaule, S. demissum, S. stoloniferum, S. vernei,

S tuberosum ssp. andigenum were used as source of resistance genes. Varieges
cultivated under conventional and organic farmiogditions at Keszthely and Rabcakapi,
Hungary in four replications where 56 plants reprnéed one replicate in 2007-2009. Organic
farming conditions, applied plant nutrition andmil@rotection were certified by Biocontroll
Hungaria Nonprofit Ltd. Soil parameters were defagd by official soil sampling and

measurements. No irrigation was applied at anytimecaand any of the years. Applied plant
pl
2.3. Sampling

After harvest 20 kg of tubers from each experimempiarcel representing the farming
technologies were collected. For the 3 parallelsusmments 3 x 3 tubers were selected and

prepared to get homogenous samples.
1.4. Potato processing

Potatoes were washed, peeled (2 mm thickness)diegao the food processing technology,
crushed by chopper (Philips HR 1392). All of anak/svere carried out with peeled raw
materials but for the comparison of the farmingteys the same sample preparation is
adequate. All samples were then freeze dried argected to further analysis. The
lyophilised samples were ground to powder (BoschM®BRO03) and were stored at room

temperature. The investigated components are séalbt®m temperature and our preliminary
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experiments proved that under the applied circunecss the freeze drying method did not

damage any of these compounds.
1.5. Chemical determinations

1.5.1. Glycoalkaloid analysis. The analysis of glycoalkaloids was carried out lsthods of

TOMOSKOZFFARKAS and co-workers (2006).

1.5.2. Analysis of glutamine and asparagine content. 50 mg of the liophilized potato tuber
sample was extracted with 1 ml water for 30 minutesn ultrasonic bath then centrifuged for
10 minutes at 2000 g. The supernatant was complecheto eluent composition with
ammonium acetate and acetonitrile and was wasifteggd for 10 minutes at 30 000 gub

of the sample was injected into a Perkin EImere3eB00 chromatograph. The components
were separated on a 150x2.1 mnund, ZIC-HILIC (Merck) column by gradient elution at
flow rate of 150ul min™. Mobile phase component A was 20 mM ammonium &z
4.0), component B was acetonitrile. From 0 to 8utes mobile phase B was kept at 80%,
from 8 to 20 minutes it was decreased to 40% thept fat this value for 3 minutes. The
analytes were detected with a Perkin Elmer Sciex ABB5 triple quadrupole mass
spectrometer with an ESI ion source (Sciex, Toroftanada) in positive multiple reaction
monitoring mode. Asparagine and glutamine were oreasat then/z 133.1->m/z 73.9 and
m/z147.1 — m/z 84.1 transitions, respectively and quantitatechgisialibration standards
prepared from an amino acid standard mix (Sigmaiéti.

1.5.3. Determination of nitrate and nitrite content. Measurements were carried out with the

standard method of A.O.A.C. official method (2003)
1.6. Satistics

For statistical analysis of experimental data Maviinitiney test, with Excel software was

used.
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2. Results and discussion

The results of statistical analysis of TGA indichthat no direct relationship between the
farming technology and the amount of glycoalkalo{dable 1.). AAmMI and co-workers
(2003) found that secondary metabolite producti@s \wore intensive for organic farming
technology because the biosynthesis of these coemp®iplayed a role in the plant defence
system. On the basis of our three-year resultsctimseption could not be proved. In the case
of variety “Rioja” from organic production contashaignificantly higher amount of TGA in
2007 (Table 2), there was no difference in 2008 thiedconventional circumstances resulted
in a significantly higher TGA concentration in thbkird year (2009). In the case of
“Hépehely” there were no significant differencesviieen the technology and years (Table
2.). This variety had the lowest and most stablell®ef TGA in all cases. However, the
conventionally farmed “White Lady” contained sigo#ntly higher amount of TGA in 2007
and 2009. Considering the average TGA content®fsime genotypes and years the results
of the statistical analysis proved that the effe#ficyear was the limiting factor. Furthermore,
statistical differences were found between theeti@s in all years. In summary, the results
showed that the season and the genotypes hadtargeéfact than the farming technology on

the amount of alkaloids.

Out of the nine cases (3 years x 3 varieties) theventionally grown tubers had
higher values in six cases for asparagine andxicases for glutamine (Table 1). Although
the detected alterations were proven to be stilbti significant only in 3 cases for
asparagine and 2 cases for glutamine, the tendmsnclear. Nitrogen fertilisation during
conventional farming has a positive effect on theoant of the examined amino acids. The
data also revealed the genotype effect on the meddifferences. Rioja had the highest
asparagine content (62.4-122.0 mmol*kgnder conventional farming in all the cases. On

contrary, White Lady had higher amino acid content cases under organic farming (3 times



174  significant). This phenomenon can reflect the exise of differences in nitrogen reaction of
175  the varieties. The season itself had significafectfon asparagine and glutamine because the
176  lowest values in all three varieties, under botimfag technologies were detected in 2007.
177  This seasonal effect can be explained by the b&akfenvironmental circumstances for
178  mineralisation of nitrogen. Summarizing, the datamino acids were affected primarily by

179  the technology.

180 Probably because of the fertilizers used, the teitcntent of tubers grown under
181  conventional practice were higher than that of oicaly grown ones but the differences
182  were not significant (Table 3.). In case of the sarariety and farming technology we could
183  not detect significant effect of the season. Howengrate content was primarily influenced
184 by the genotype (Table 2.). The results @RENciAand co-workers (2011) showed high data
185  variability because there were a large number ctofa that could have effect on the nitrate
186  content of crops. These results of high variabilityitrate content are in agreement with our
187  data. The nitrite content of tubers was lower thanmg kg except in a few cases and there
188  were no significant differences under the variowsumstances (farming technology, variety

189  or year, data are not shown).
190 3. Conclusion

191 In our study the absolute amount and changes ahieeal antinutritive components of potato
192  tubers were influenced differently by the technglogenotype and season in a complex
193  manner. TGA content of tubers is under strong gemeintrol. Nitrate and consequently the
194  asparagine and glutamine content can be incregsedrbgen fertilizers but its extent is very
195 much dependent on the genotype and seasonal effétite content is more independent of
196 farming technologies then nitrate. The effect ajamic farming on nitrate and amino acid

197 levels is not significant in all cases but the &may is clear and it possible health effects.
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The Hungarian potato varieties bred by conventidmaleding utilising resistance
genes of wild species were proved to be appropiwgaterganic production without the risk of
increased toxic TGA content. From the point of tomitrate content Rioja is the most advised

variety due to its lowest nitrate level irrespeetof used farming technology.
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Table 1. Comparison of conventional (C) and organic (Ojriaig technology on antinutritive
components of potato tubers of cv. White Lady, &iapd Hopehely in 2007- 2009 using

Mann-Whitney probe (Data are significant at P<5 %.)

2007 2008 2009
Components  White White White
Lady Rioja Hopehely Lady Rioja Hoépehely Lady Rioja Hopehely
Asparagine
(mmol kg?) C<O C>0 Cc=0 C=0 C>0 Cc>0 C>0 C>0 Cc=0
Glutamine
(mmol kg% C<O0 C>0 C=0 C=0 C=0 C>0 C>0 C=0 C=0
Nitrate
(mg kg_l) C>0 C>0 C>0 C>0 C>0 C>0 C>0 C>0 C=0
TGA (mg kg™
raw potato) C>0 C<O C=0 C=0 C=0 C=0 C>0 C>0 Cc=0

C>0 organically grown potato tubers contained higimaount of the investigated component.

C<O conventionally grown potato tubers containeghbr amount of the investigated

component.

C = O No difference in data.

11



251  Table 2. Effect of conventional and organic farming teclogyl on the amount and ratio of
252  asparagine and glutamine in potato tubers (mmdidighilized potato) of cv. White Lady,

253  Rioja and Hopehely in 2007- 2009.

Year Variety Farming Asparagine Glutamine  Asp+GLU Asp/Glut
technology  (mmol kg% (mmol kg%
average SD average SD

2007 White Lady Conventional 354 1.6 16.8 1.4 51.5 2.1
White Lady  Organic 47.3 1.6 339 26 77.5 1.4
Rioja Conventional 624 3.7 283 23 86.7 2.2

Rioja Organic 439 4.6 13.3 1.3 50.4 3.3
Hoépehely Conventional 43.7 7.8 221 45 66.5 2.0
Hopehely Organic 458 1.4 22.7 0.9 70.2 2.0

2008 White Lady Conventional 69.9 6.5 96.3 28.9 198.7 0.7
White Lady  Organic 87.1 54 112.3 10.8 79.7 0.8
Rioja Conventional 122.0 25.9 110.9 39.1 256.7 1.1

Rioja Organic 85.1 9.0 604 7.6 127.0 14
Hépehely Conventional 746 9.7 144.4 29.9 191.0 0.5
Hépehely Organic 56.1 1.3 113.4 15.2 176.3 0.5

2009 White Lady Conventional 90.9 11.3 746 9.8 186.4 1.2
White Lady  Organic 54.0 4.2 40.1 1.4 92.3 1.3
Rioja Conventional  113.3 16.5 475 54 136.9 2.4

Rioja Organic 83.7 6.3 391 7.2 122.1 2.1
Hoépehely Conventional 78.1 29.3 70.2 23.2 135.7 1.1
Hopehely Organic 52.213.4 46.0 11.0 123.9 1.1

254
255
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256  Table 3. Effect of conventional and organic farming teclugyl on nitrate content of potato

257  tubers of cv. White Lady, Rioja and Hopehely in 2€D09.

258
Nitrate content of studied potato cultivars (mg'kg
Year Crop system Variety
White Lady Hépehely Rioja
mean SD mean SD mean SD
organic 79.5 46.2 77.8 414 26.0 5.3
2007
conventinal 293.7 91.0 141.4 255 52.8 12.8
organic 133.0 34.6 65.3 8.5 50.0 9.5
2008
conventinal 198.0 16.5 192.7 24.7 68.3 8.4
organic 90.0 30.3 81.3 43.0 11.7 1.2
2009
conventinal 239.3 11.0 78.0 58.0 17.7 3.1
259
260

13



261 Table 4. Effect of conventional and organic farming tedogy on TGA content of potato

262  tubers of cv. White Lady. Rioja and Hopehely in 2D09.

TGA content of studied potato cultivars (mg kgaw potato)

Variety

Year Crop system White Lady Hopehely Rioja
mean SD mean SD mean SD
2007 organic 159 1.32 0.28 0.07 445 2.26
conventional 386 043 024 077 053 0.14
2008 organic 28.09 17.25 0.00 0.00 047 0.51
conventional 15.10 5.63 0.00 0.00 1.94 2.65
2009 organic 0.00 17.25 0.00 0.00 2.04 1.18
conventional 8.85 5.63 1.04 1.81 8.39 2.19

263
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