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ACRYLAMIDE FORMATION IN ALIMENTS DEPENDING ON POTATOE VARIETIES AND CULINARY PROCESSES. A COMPARATIVE STUDY
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Abstract
Acrylamide (AA), a chemical compound known since the end of XIXth century for its neurotoxic and carcinogenic effects, was found in fried, roasted, baked and grilled food by the Swedish researchers in 2002. Consequently, carcinogenic action has been reconfirmed by experimental researches on laboratory animals and by epidemiologic studies. Furthermore, acrylamide was found to be genotoxic, a reproductive and developmental toxic agent. The national priority for alimentary security enforces the intensification of researches on decreasing health risks caused by ingestion of qualitative inadequate food. Therefore, the presence of acrylamide in aliments may be an important risk factor for cancer and also a great concern for authorities. Until now, unitary and systematic researches regarding the presence of acrylamide in aliments haven’t been conducted in Romania. This paper reveals comparative results regarding the acrylamide content in different varieties of potatoes after different culinary processes.

Rezumat
Acrilamida, compus chimic cunoscut încă de la sfârşitul secolului XIX pentru efectele sale neurotoxice şi cancerigene, a fost decelată în alimentele prelucrate termic prin prăjire sau coacere (chips-uri, pâine) de către cercetătorii suedezi în 2002. Ulterior, acţiunea cancerigenă a fost reconfirmată prin cercetări experimentale pe animale de laborator şi studii epidemiologice. În plus, au fost puse în evidenţă efecte toxice asupra funcţiei de reproducere, precum şi efecte genotoxice. Prioritatea naţională în domeniul siguranţei alimentelor impune intensificarea cercetărilor privind reducerea riscurilor pentru sănătate, consecutive consumului de alimente necorespunzătoare calitativ. În aceste condiţii, nivelul acrilamidei în alimente poate fi un important factor de risc pentru apariţia cancerului şi un motiv de preocupare pentru autorităţile sanitare. În literatura de specialitate din alte ţări sunt publicate  numeroase date privind conţinutul în acrilamidă al alimentelor comercializate. Până în prezent, în România nu s-au realizat cercetări unitare privind prezenţa acrilamidei în alimente. Prezenta lucrare expune rezultatele comparative privind concentraţiile de acrilamidă în diferite varietăţi de cartofi, prelucraţi termic prin procese culinare diferite.
· acrylamide

· potatoes

· thermical process
· gas chromatography

INTRODUCTION
Acrylamide (AA), obtained for the first time by Moureu in Germany, in 1893, is presently used as polyacrylamide in water treatment and wastewater treatment, paper and pulp processing, mineral processing, crude-oil production processes etc [4, 5].

In 2002, researchers from Swedish National Food Administration and Stockholm University announced the presence of acrylamide in different fried, roasted, baked and grilled starch-rich aliments [4, 5]. This information caused great concern among the researchers and consumers as well, due to the well known toxicological profile of this compound. 

The toxicity of acrylamide has been extensively investigated and, due to the potential for widespread exposure to acrylamide in food, has received considerable attention. The major findings of these studies indicate that acrylamide is neurotoxic in animals and humans and it has been shown to be genotoxic, a reproductive and developmental toxic agent and carcinogen in rodents. Acrylamide has also been classified as a “probable human carcinogen” [2, 3, 10]. 

It has been convincingly shown that acrylamide in food is mainly formed through a reaction between asparagines and reducing sugars [9].

The present paper reveals the comparative results regarding acrylamide content in different varieties of patotoes after different culinary processes.
MATERIALS AND METHODS
Analysis of acrylamide (AA) was performed using a gas chromatographic method, previously validated by the authors [1].

Chemicals
Acrylamide (>99.8%) and methanol CHROMASOLV® for HPLC were purchased from Fluka, while the dimethylphtalate (>99%) was commercially available from Merck. All chemicals were of analytical grade.

Analytical instruments and chromatographic conditions:
The experiments were performed using a Thermo Quest Trace GC 2000, with the following chromatographic conditions: column - SolGel-Wax, 30cm x 0.25 mm ID, 0.25 UM; oven - initial temperature 100°C, initial time 1 min, ramp 1 15°C/min, final temperature 200°C, final time 15 min; detector (Flame Ionization Detector): temperature 300°C; injector - temperature 260°C, splitless 1 min; career gas - nitrogen, flow 2.0 ml/min.

Validation of the method

Validation method and analysis procedure were carried out according to the validation guides for analytical methods.

Validation of the method has been carried out by establishing the following parameters: limit of detection (LOD), limit of quantitation (LOQ), run-to-run precision, day-to-day precision and stability.  

The calibration curve has been established for six acrylamide standard solutions, with concentrations ranging from 0.4 mg/L to 10 mg/L (R2 = 0.9998). 

LOD and LOQ were 0.3 mg/L and 0.4 mg/L, respectively. 

Run-to-run precision was determined by carrying out five replicate determinations for three acrylamide standard solutions: LOD (having a relative standard deviation RSD of 2.93 %), 0.5 mg/L (RSD = 3.20 %), and 5.0 mg/L (RSD = 3.27 %). 

The day-to-day precision was calculated  by performing fifteen replicate determinations of the same three standard solutions in three days, five replicate determinations per day: LOD (RSD =3.29 % ), 0.5 mg/L (RSD = 2.92 %), 5.0 mg/L (RSD =2.42 %).
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Figure 1
Calibration curve and the coefficient of determination (R2)
(DMP= dimethylphtalate)
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Figure 2
Chromatogram for acrylamide standard 

Samples
Three different varieties of early potatoes were purchased from the market: sample 1 - Solanum tuberosum 'Ostara', sample 2 - Solanum tuberosum “Desiree”, sample 3 - Solanum tuberosum “Sante”.


Potatoes from the three different varieties were cut in approximately equal slices and submitted to three different culinary processes (frying, baking, steam frying).
Table I
Samples and their significance

	Sample 
	Sample significance

	sample  1 A and 1 A’
	potatoes sample 1, steam cooking 

	sample  1 B and 1 B’
	potatoes sample 1, deep frying 

	sample 1 C and 1 C’
	potatoes sample 1, oven baking

	sample 2 A and 2 A’
	potatoes sample 2, steam frying

	sample 2 B and 2 B’
	potatoes sample 2, deep frying

	sample 2 C and 2 C’
	potatoes sample 2, oven baking

	sample 3 A and 3 A’
	potatoes sample 3, steam frying

	sample 3 B and 3 B’
	potatoes sample 3, deep frying

	sample 3 C and 3 C’
	potatoes sample 3 oven baking


Sample preparation

Samples were left for cooling. After that, 3 g of potato slices from each of the 18 samples were weighed, minced and homogenized, and placed in iodometric flasks. Consequently, 10 ml methanol HPLC and 100 µL dimethyl phthalate (DMP) solution 1.014 g/L (internal standard) were added. Further, the extracts were maintained on the multiposition heating magnetic stirrer at 50°C for 15 minutes and 3000 rpm. A quota of methanolic extract (7 mL) was submitted to centrifugation for 15 minutes to 25000 rpm and evaporated on the thermostated heating bath at 70°C to a volume of approximately 1 mL. The final extracts were placed in test tubes. A volume of 1 µL was injected in the gas chromatograph.

RESULTS AND DISCUSSION
The acrylamide levels determined in potatoes samples are given in table II. 

Table II
The acrylamide concentrations in analyzed potatoes samples

	Sample
	Sample quantity (g)
	Final extract volume (ml)
	Acrylamide concentration

(CAA) (mg/kg)
	CAA averege (mg/kg)

	Sample 1 A
	3.0628
	0.94
	24.00
	24.15

	Sample 1 A’
	3.1005
	1.05
	24.29
	

	Sample 1 B
	3.1253
	1.16
	31.05
	30.95

	Sample 1 B’
	3.1035
	0.98
	30.84
	

	Sample 1 C
	3.0087
	0.90
	30.03
	30.10

	Sample 1 C’
	3.0196
	1.10
	30.16
	

	Sample 2 A
	3.1553
	0.96
	27.38
	27.12

	Sample 2 A’
	3.0956
	1.06
	26.86
	

	Sample 2 B
	3.0313
	1.16
	42.89
	42.90

	Sample 2 B’
	3.0258
	0.90
	42.90
	

	Sample 2 C
	3.1298
	1.10
	31.23
	31.40

	Sample 2 C’
	3.0759
	0.89
	31.57
	

	Sample 3 A
	3.0657
	1.20
	27.19
	27.15

	Sample 3 A’
	3.1028
	1.15
	27.11
	

	Sample 3 B
	3.0152
	1.04
	54.59
	55.50

	Sample 3 B’
	3.1158
	1.12
	56.41
	

	Sample 3 C
	3.0277
	1.24
	31.45
	31.76

	Sample 3 C’
	3.0863
	1.08
	32.06
	


The results show that acrylamide concentration varies depending on the variety of the potato, having the highest values for sample 3 - Solanum tuberosum “Sante”, followed by sample 2 - Solanum tuberosum “Desirée” and the smallest values in sample 1 - Solanum tuberosum 'Ostara'. These results are in agreement with other experimental data [7, 8]. Considering the main mechanism of formation (reaction between asparagines and reducing sugars), changes of acrylamide content in different potato varieties are made by the variation of the precursors’ levels (asparagines and reducing sugars).

The results also demonstrate that acrylamide levels depend on the culinary processes. The most elevated concentrations are obtained in potatoes that are deep fried, followed by acrylamide levels in oven baked potatoes. The lowest levels are found in potatoes that are culinary processed by steam cooking. These data may be explained by the results of other experimental researches [6, 7] that demonstrated the fact that fried oil and water content have a deep influence on acrylamide formation.

CONCLUSIONS
The results show that acrylamide concentration varies with the variety of the potato and also with the culinary processes. Potatoes processed by frying or baking contain large amounts of acrylamide.
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