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A two year investigation towards an effective quality control of incoming potatoes as an acrylamide mitigation

The current entrance quality control used in the French fries industry is done based on colour evaluation with USDA/Munsell colour chart (after a short frying test, typically 180°C for 3 min). Based on a study carried out during 2 consecutive potato storage seasons the possibility of a more effective entrance control of the raw potato tubers in order to identify batches of potatoes prone to acrylamide formation was evaluated. The current entrance control was compared to two other colour evaluation methods (CIE L*a*b* colour parameters and a process-specific Agtron analyzer) and to reducing sugar contents determination. Seasonal variability did not affect the slopes of the linear correlation models, for most of the parameters studied. The determination of colour formation measured by the Agtron methodology and reducing sugars content allowed a better identification of batches of potatoes prone to acrylamide formation when compared to the current entrance control. Different scenarios represented by decision trees for quality control measures for incoming potatoes were evaluated while considering the investigation value of 600 Acrylamide is formed in starchy foods processed at high temperatures (> 120°C) commonly 2 applied in frying, baking and roasting [START_REF] Tareke | Analysis of 341 acrylamide, a carcinogen formed in heated foodstuffs[END_REF]. This contaminant is mainly formed 3 through Maillard reactions between reducing sugars and specific amino acids such as asparagine 4 [START_REF] Stadler | Acrylamide from Maillard reaction products[END_REF][START_REF] Mottram | Acrylamide is formed in the Maillard 332 reaction[END_REF][START_REF] Becalski | Acrylamide in foods: occurrence, 298 sources, and modeling[END_REF]. Potato products are strongly 5 susceptible to acrylamide formation since this food commodity contains asparagine and reducing 6 sugars. Because, the amount of free asparagine in potato tubers generally largely exceeds the 7 amount of reducing sugars; it is the latter which determines the degree of acrylamide formation 8 and Maillard browning upon frying [START_REF] Amrein | Potential of acrylamide 293 formation, sugars, and free asparagine in potatoes: A comparison of cultivars and farming 294 systems[END_REF][START_REF] De Wilde | 310 Influence of storage practices on acrylamide formation during potato frying[END_REF]. Since the in potato products [START_REF] Amrein | Potential of acrylamide 293 formation, sugars, and free asparagine in potatoes: A comparison of cultivars and farming 294 systems[END_REF][START_REF] Becalski | Acrylamide in French fries: influence of free amino acids and sugars[END_REF][START_REF] Elmore | Changes in free amino acids and sugars in potatoes due to sulfate fertilization and the 321 effcet on acrylamide formation[END_REF][START_REF] Rommens | Low-acrylamide French 334 fries and potato chips[END_REF] [START_REF] De Wilde | 310 Influence of storage practices on acrylamide formation during potato frying[END_REF]. 1), the correlation models obtained for both 152 cultivar seasons needed to be compared in order to evaluate the feasibility of using an entrance 153 control parameter as an acrylamide mitigation strategy. Accordingly, slopes of linear models 154 obtained for both seasons were compared statistically for significant differences by means of a t-155 test with 95% confidence level (Table 2). The t values were calculated based on the difference 156 between the two slopes divided by the standard error of the difference between slopes. Slopes of 157 the correlation models obtained between entrance parameters and acrylamide in the final product 158 were not significantly different between both seasons with an exception of the models obtained 159 with the a* parameter (Table 2). Models obtained between colour parameters after two stage 160 frying and acrylamide in the final product were not significantly different either. On the other 161 hand, significant differences were observed between slopes of the models regarding parameters 162 evaluated in the final product (reducing sugars after blanching and colour determination after 2) and THVs were determined for each relevant parameter on basis of 182 these combined datasets. In addition, the application of these THVs to the combined data-set 183 resulted in a preliminary analysis of sample categorization based on their predicted and actual 184 acrylamide levels in the final product (Table 3). For interpretation of the results, batches of 185 potatoes with acrylamide contents < 600 µg kg -1 are considered as "acceptable", while for 186 acrylamide contents > 600 µg kg -1 potato batches are considered as "unacceptable". In practice, 3). Worth noting is the fact that 56% of those rejected samples correspond to 198 samples "unnecessarily rejected", since the actual acrylamide content of the final product is lower 199 then the EU indicative level. Measuring colour with Agtron at entrance reduces the number of 200 rejected samples to 16% and in addition the number of "unnecessarily rejected" samples is 201 reduced to 40%. The determination of reducing sugars at entrance allows even a further reduction 202 of rejected samples to 12%, out of which, 37% are rejected "unnecessarily". This implies that 4, 6 203 and 11 % of the samples would be unnecessarily rejected using the THV's for reducing sugars,
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Agtron and USDA, respectively. Therefore the application of reducing sugars and Agtron could 205 represent a significant decrease in unnecessary costs that industry would have treating these 206 "unacceptable" potato lots, compared to a THV system based on the currently used USDA 207 measurement.
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Another important aspect to consider when selecting a quality control parameter regarding 210 incoming potatoes, and when evaluating the THVs application is the percentage of non-211 conformities, such as the percentage of accepted samples with acrylamide >600 µg kg -1 . . These 212 percentages ranged from 1 to 3% for the entrance parameters (fried at 180°C, 3 min) (Table 3).
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The lowest percentage (1%) was obtained with the application of the THV for Agtron. The combination Agtron/RS as an entrance control shows no improvements towards acrylamide 243 prediction when compared to the application of RS by itself. The application of the USDA/RS 244 combination as entrance control further decreased the percentage of rejected samples to 11%, 245 although no improvements were found for the total "unnecessarily rejected" samples (4%).
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Furthermore, the application of the latest combination as entrance control resulted in an increase 247 of accepted samples with acrylamide >600 µg kg -1 (4%). The combination USDA/Agtron/RS was 248 also tested and same results as USDA/RS were obtained.
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It should be kept into account that the THV for quality control tools mentioned in this study are 251 directly related to the hypothetical acrylamide level of 600 µg kg -1 and thus are restricted to this 252 acrylamide limit, blanching and frying conditions used in this study. Moreover, dextrose and 253 sodium acid pyrophosphate which are typically added in industrial practices were not taken into 254 account in this correlation study. However, obtained results demonstrate that even though 255 seasonal variability was observed for the potato varieties used for this study, similar models were 256 obtained for both potato storage seasons. Consequently the determination of THVs as an entrance 257 control tool seems feasible, for standardized frying conditions. Moreover, from a food safety 258 point of view, a more optimal quality control could be adopted for incoming potatoes in order to 
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  discovery of acrylamide in foods, stakeholders have promptly supported the scientific community 10 in finding the mechanisms of acrylamide formation and possible mitigation strategies from farm-11 to-fork. Food Drink Europe (CIAA/FDE) established a Technical Acrylamide Expert Group since 12 2003 and created the "Acrylamide Toolbox" which is available online 13 (www.fooddrinkeurope.eu). This toolbox presents a regularly updated description of the possible 14 mitigation strategies that could be employed to reduce acrylamide levels in foods contributing the 15 most for acrylamide intake (CIAA/FDE 2011). Nonetheless, acrylamide is still present in our 16 diets and moreover from a risk characterization perspective presents a very low MOE (margin of 17 exposure) (200-50) (FAO/WHO 2005). Consequently, regulatory authorities urge for the 18 reduction of acrylamide levels in food. Potato products, French fries in particular, are one of the 19 greatest contributors to dietary acrylamide intake (EFSA 2011). To date no legal limits regarding 20 acrylamide contents in foods have yet been established. Just recently, the European Commission 21 published a Recommendation on the website from the European Commission's Directorate 22 General for Health and Consumer Policy (DG SANCO) on investigations into the levels of 23 acrylamide in food (EC 2011). Member States are recommended to investigate cases where 24 foodstuffs after final preparation, exceed prescribed acrylamide indicative 25 values. For French fries and potato crisps, these indicative values are 600 and 1000 µg/kg, 26 respectively. 27 Current industrial practices in French fries production include an entrance quality control based 29 on colour evaluation with USDA/Munsell colour chart. Colour is evaluated after a short frying 30 test, typically 180°C for 3 min. This quality control relates raw material to colour specifications of final product (customers demand) and accordingly, either raw material is rejected for 32 processing or appropriate process adjustments are taken (e.g. blanching conditions). The ability 33 of the current entrance control to predict acrylamide formation in the final product was 34 previously compared to two other colour evaluation methods (CIE L*a*b* colour parameters and 35 a process-specific Agtron analyzer) and to reducing sugar contents determination (Medeiros 36 Vinci et al. 2010). Since multiple pre and post-harvest factors may impact acrylamide formation
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  in homogenized potato sample as described previously(Mestdagh et 79 al. 2005). After aqueous extraction, using [2,3,3-D 3 ]acrylamide as internal standard, the 80 acrylamide extract was further cleaned up by solid-phase extraction. The extract was analyzed 81 using LC-MS/MS with positive electrospray ionization. disaccharides in homogenized potato sample were assessed as described earlier (De 84 Wilde et al. 2005). Briefly, after aqueous extraction, addition of an internal standard (phenyl-β-85 D-glucopyranoside), clean-up and drying under nitrogen, the filtrate was derivatized and injected 86 in a GC equipped with a flame-ionization detector.87Analysis of dry matter 88The dry matter content was determined, based on an official AOAC method (1990). Briefly, 5 g 89 of homogenized potatoes were mixed with calcinated sea sand and placed in the oven at 105°C 90 until a constant weight was obtained. French fries was determined using a Konica Minolta spectrophotometer CM-2500d 94 (Konica Minolta, Osaka, Japan), operating in the CIE L*a*b* colour space, an Agtron process E15-FP, Nevada, USA) and using an USDA/Munsell colour chart (VIVA, Den 96 Haag, The Netherlands), as described in Medeiros Vinci et al. (2010).

  was performed using SPSS 17.0 (SPSS inc., Chicago, IL) to 100 determine linear relationships between different parameters studied and acrylamide. Significant 101 differences between slopes of linear models was accessed by Student t-test. potato tubers from Western Europe, representing the most frequently used in 105 potato processing industry, were used for this study. Five sampling points were taken from 106 January to June in 2008 and repeated in 2009. Table 1 presents reducing sugar contents of the 10 107 potato varieties considered in this study during both sampling seasons and Figure 1 shows the 108 acrylamide contents of French fries prepared from the different potato varieties after blanching 109 and a two stage frying. Frying conditions were standard (par-fried at 180°C for 90 s and final 110 frying performed at 175°C for 150 s) throughout all sampling points since e.g. moisture content 111 may greatly affect acrylamide and colour formation. As shown in
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  blanching and two stage frying). The models obtained with the a* parameter were not 164 significantly different and therefore were an exception. The comparison of the correlation study 165 performed in 2008 and 2009 suggests that even though seasonal differences were observed 166 regarding the raw material used during both seasons, similar linear models were obtained for 167 parameters evaluated. This seems to be significantly relevant taking into account that 168 10 different potato varieties were used and five sampling points were taken over a complete 169 storage season. In the previous study(Medeiros Vinci et al. 2010) the linear relationships 170 between the acrylamide content of the final product and the colour parameters considered or the 171 reducing sugar content were used, in combination with a hypothetical acrylamide limit, to define threshold values (THVs) for the latter product parameters. This would enable the potato 173 processing industry to identify in a better way lots of potatoes which are prone to acrylamide 174 formation. This concept was again evaluated for the present dataset.

  linear models and evaluation of threshold values (THVs) 177In contrast to our previous report(Medeiros Vinci et al. 2010) in which a hypothetical acrylamide 178 limit of 500 µg kg -1 was used, new threshold values were calculated based on the new EU 179 indicative level of 600 µg kg -1 . Only the data of the parameters which presented linear models not 180 significantly different for both seasons were considered and thus they were combined in one data 181 set (2008+2009) (Table

  < 600 µg kg -1 would have been in conformity (in respect to the 192 acrylamide limit) but would represent unnecessary "extra-precautions for industry" (e.g., extra 193 blanching) which translates in unnecessary costs. 194 195 The comparison of the different entrance parameters demonstrated that the current method 196 applied as entrance control (USDA) would result in the highest percentage of rejected samples 197 (19%) (Table
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  the total "unnecessarily rejected" samples (from 6 to 5%). However accepted 239 samples with acrylamide values > 600 µg kg -1 increased from 1% to 3% when applying Agtron 240 measurement individually versus the combined USDA/Agtron. 241 242
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 123 Figure captions

  Relation between reducing sugar content in raw potatoes (A) and colour Agtron after one stage frying (B) with acrylamide in French fries after blanching and two stage frying. Grey triangles and broken line represent 2008 data and black squares and solid line 2009 represent the data. 362x121mm (96 x 96 DPI) Possible combinations of different entrance parameters for acrylamide prediction in the final product. RS expressed as g 100 g-1 FW. 239x236mm (120 x 120 DPI) F o r P e e r R e v i e w O n l y

39 further elaborated in the following potato storage season. The goals were to evaluate if the 40 models observed in 2008 were still valid for another growth season and thus if a robust tool could
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	73	step (as described for the unblanched). Frying and par-frying were conducted in a semi-
	74	professional thermostated deep-fryer (Fritel 2505, Belgium). The repeatability of acrylamide
	75	formation in French fries prepared according to these frying conditions presents a RSD of 15%
		F o F o
		r r
		P P
		e e r e e r
	38	2008; Shepherd et al. 2010), the study performed by Medeiros Vinci et al. (2010) was therefore R e v i e w R e v i e w
	41 42	be identified which allows the industry to identify incoming potato lots which are more prone for O n O n
		acrylamide formation during the final frying. This would allow French fries producers to take l y l y
	44	appropriate measures in order to lower acrylamide contents in French fries as reasonably
	45	possible. Different scenarios considering the possible quality control measures for incoming
		potatoes were evaluated, categorizing samples based on predictions of threshold values and
		6

Table 1 ,

 1 reducing sugar 112 contents of the 10 varieties sampled, varied throughout both seasons. Some varieties (e.g. Bintje and Fontana) tended to reach a higher reducing sugar content by the end of the implementation, using a colour parameter as an acrylamide predictor in raw 144 material is more practical than analyzing sugar contents. Agtron was given as the example since 145 this was the colour parameter which generally presented higher correlation coefficients within all 146 different frying procedures (Table2). This equipment is already typically used by French fries 147 industry for final product quality control. Thus, the current quality control of incoming potatoes,

	114	
	115	storage season, probably due to senescent sweetening. Remarkably, this was not observed for
	116	Russet Barbank, a variety know to be particularly vulnerable for this phenomenon. For other
		varieties however, no clear trend of the reducing sugar content could be observed, also probably
	119	

113 Asterix, 117 due to within batch variations. The variability of the raw material has previously been reported in 118 another study (De Meulenaer et al. 2008) and represents one of the challenges that potato growers 150 151 Due the variability observed in raw material (Table

Table captions 361

 captions Table1. Dry matter (DM) of raw potato tubers and reducing sugar contents (RS) before (UB) and

	362	
	363	after standardized blanching treatment (B) for different potato varieties throughout 2008 and
	364	2009 potato storage seasons.
	365	
	366	Table 2. Pearson correlation coefficients (R) and slopes of linear models obtained in correlation
	367	studies of 2008, 2009 and combined data 2008+2009. Parameters: entrance (reducing sugars-raw
	368	material; colour-after one stage frying); non blanched-two stage fried (2 Sf) (colour); blanched-
	369	two stage fried (Bl + 2 Sf) (reducing sugars-blanched potato strips; colour-after blanching and
	370	two stage frying).
	371	

Table 3 .

 3 Application of THVs of data 2008+2009 and an acrylamide limit of 600 µg/kg to

	372	
	373	samples of the study (2008+2009) regarding acrylamide formation in French fries. RS expressed
	374	as g/100 g FW. Parameters: entrance (reducing sugars-raw material; colour-after one stage
		frying); non blanched-two stage fried (2 Sf) (colour); blanched-two stage fried (Bl + 2 Sf)
	376	
	377	
	378	

375

(reducing sugars-blanched potato strips; colour-after blanching and two stage frying). 259x157mm (96 x 96 DPI)

Table 3 .

 3 Mean ± SD of dry matter contents of raw potato tubers throughout 2008 and 2009. ND -not determined. Slopes significantly different, (p<0.05) for models obtained in 2008 and 2009. N/A -not applicable. Percentage calculated based on total number of samples (2008+2009), N= 93; b Percentage calculated based on accepted samples when applying investigation value for acrylamide and THV for the respective parameter; c Percentage calculated based on rejected samples when applying investigation value for acrylamide and THV for the respective parameter.

	Table 1											
			Maris Piper	Asterix	Bintje	Russet Burbank	Innovator	Agria	Victoria	Fontana	Lady Olympia	Markies
	2008	DM (%) a	20.7±3.0 19.4±1.3 20.9±2.2 20.5±1.7 21.6±1.1 19.3±1.0 16.6±0.9 19.7±2.6 19.4±1.9 20.2±2.1
	Jan	RS (g 100 g -1 FW) UB	0.35	0.37	ND	0.21	0.133	0.12	ND	ND	ND	ND
		B	0.19	0.17	0.07	0.15	0.07	0.03	ND	ND	ND	ND
	Feb	UB	0.28	0.27	ND	0.19	0.17	0.14	0.05	0.04	0.05	0.03
		B	0.24	0.12	0.04	0.07	0.05	0.11	0.02	0.04	0.02	0.02
	Mar	UB	0.33	0.32	0.11	0.19	0.12	0.17	0.04	0.03	0.05	0.01
		B	0.17	0.14	0.06	0.05	0.04	0.06	0.02	0.01	0.03	0.01
	May	UB	0.25	0.25	0.16	0.06	0.19	0.08	0.03	0.03	0.02	0.02
		B	0.11	0.07	0.07	0.04	0.08	0.05	0.02	0.01	0.01	0.01
	Jun	UB	0.50	0.50	0.36	ND	ND	0.10	0.10	0.14	ND	0.03
		B	0.21	0.22	0.25	ND	ND	0.04	0.07	0.08	ND	0.02
	2009	DM (%) a	18.8±1.9 18.2±2.3 20.6±3.0 20.8±3.0 18.7±2.7 19.7±2.7 17.7±3.5 20.6±1.1 20.2±2.2 19.0±2.1
	Jan	RS (g 100 g -1 FW) UB	ND	0.13	0.11	0.23	0.04	0.02	0.10	0.07	0.05	0.01
		B	ND	0.07	0.08	0.12	0.04	0.02	0.07	0.06	0.04	0.01
	Feb	UB	0.47	0.14	0.14	0.18	0.09	0.03	0.08	0.04	0.16	0.02
		B	0.21	0.05	0.09	0.15	0.04	0.02	0.04	0.03	0.03	0.01
	Mar	UB	0.56	0.10	0.12	0.09	0.08	0.02	0.05	0.07	0.03	0.02
		B	0.34	0.08	0.09	0.08	0.05	0.01	0.03	0.05	0.02	0.01
	May	UB	0.43	0.25	0.25	0.17	0.15	0.03	0.05	0.09	0.04	0.06
		B	0.26	0.06	0.1	0.12	0.06	0.01	0.03	0.05	0.02	0.01
	Jun	UB	0.49	0.50	0.40	0.15	0.23	0.03	0.03	0.17	0.04	0.29
		B	0.31	0.16	0.28	0.15	0.17	0.03	0.02	0.09	0.04	0.17
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Determining reducing sugars at entrance or colour measurement with USDA would at least