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Abstract 2 

The move towards a circular economy pushes (Belgian) potato processing companies to direct water 3 

reuse in high water-consuming processing steps such as blanching. To design a robust treatment for 4 

this stream, it is important to know the composition and variability through different seasons, 5 

companies and processing conditions. An extensive physicochemical and (limited) microbial 6 

characterization was done on samples taken from four different blancher types at seven companies 7 

for 1.5 years. High concentrations of organic matter, represented as chemical oxygen demand 8 

(9032±4349 mg O2/L), glucose (0.26±0.32 g/L) or starch (1.40±1.22 g/L) and dissolved ions (348±142 9 

mg Cl-/L and 1279±510 mg potassium/L) were found, at constant ranges independently of the season. 10 

This is probably due to the occurrence of a steady state over time for the physicochemical parameters 11 

in the water. Concentrations at this steady state or equilibrium could change depending on the used 12 

potatoes-to-water ratio used at the blanchers, which is specific to the company and blancher and 13 

hence influences the aforementioned equilibrium. From this study, the blanching water shows a high 14 

potential for reuse with the (potential) recuperation of thermal energy and by-products. In the case of 15 

membrane filtration as a treatment method (ultrafiltration and/or reverse osmosis), the 16 

implementation of a pre-treatment to eliminate an excess of solids is recommended together with a 17 

possible disinfection or heat exchanger as post-treatment.  18 
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1 Introduction 19 

The Belgian potato processing industry is responsible for delivering more than 2 Mt processed 20 

potato products (e.g. fries, croquettes, hash browns) on an annual basis (Keijbets, 2008; VILT, 2021). 21 

This induces a large water consumption considering the multiple water-demanding processing steps 22 

such as washing, (steam) peeling, water-propelled cutting and blanching (Sayed et al., 2021; Zhang et 23 

al., 2021). On average a potato processing company uses 1.25 – 4.3 m³ water/t finished product with 24 

blanching claiming to be responsible for ± 21% of the total water consumption (VITO, 2015) as one of 25 

the most water-consuming processing steps. 26 

Industrial blanching is a heat treatment where the washed, peeled and cut potato products are 27 

immersed in hot water or exposed to steam for a certain period and, in the (Belgian) potato processing 28 

industry, often applied in two subsequent blanching steps for the production of (frozen) fries (Tajner-29 

Czopek et al., 2008). Conventionally, a first ‘high temperature, short time’ blanching step to achieve 30 

a.o. enzymatic deactivation (70 – 100 °C for <1 – 15 minutes) is followed by a second ‘low temperature, 31 

long time’ step, mainly to leach out carbohydrates (55 – 75 °C for 10 – 60 minutes) (Abu-Ghannam and 32 

Crowley, 2006; Ngobese et al., 2017). Nonetheless, one-step (or three-step) blanching could also be 33 

used (Tajner-Czopek et al., 2008). Other advantages of blanching are the removal of pesticides and 34 

other undesired residues, reduction of oil uptake while baking or texture improvement/softening (Reis, 35 

2017; Xiao et al., 2017). 36 

The processing step ‘blanching’ requires freshwater of potable quality (conform 2020/2184/EC and 37 

Belgian royal decision 14/01/2002) at the inlet as described by the self-checking guide G-014 ‘Guide 38 

for self-checking in the potato, vegetable and fruit processing and trade’ (VITO, 2015). Treating the 39 

process water for recirculation may reduce the pressure on local water sources and result in a shift 40 

towards a circular economy. However, too little information is available on the exact composition of 41 

blanching water. This makes it difficult to apply certain treatments and estimate their efficiency. Until 42 

today (to the best of the authors’ knowledge) no (extensive) physicochemical or microbial 43 

characterization of industrial potato blanching water has been published. 44 
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In some studies, the quality of effluent wastewater after (conventional) treatment from potato 45 

processing companies was determined showing a.o. pH, chemical oxygen demand (COD), starch and 46 

protein ranges of 3.9 – 7.5, 27.4 – 30 000 mg O2/L, 19.47 – 25 g/L and 2.88 – 4 g/L respectively (Abeling 47 

and Seyfried, 1993; Huang et al., 2003; Mishra et al., 2004; Rintala and Lepistö, 1997). However, this is 48 

no reliable representation of water from potato blanchers. Only a limited amount of studies were 49 

published measuring a few physicochemical characteristics of blanching water (with or without water 50 

from cutting / washing) from potato processing companies, confirming the highly loaded water 51 

streams coming from these processing steps, with ranges for parameters such as pH (4.7 – 6.2), 52 

nitrogen (0.131 – 0.305 mg N/L), COD (650 – 10 000 mg O2/L), glucose (0.369 g/L) and starch 53 

(0.0145 – 0.849 g/L) (Catarino et al., 2007; Lemmel et al., 1979; Wang et al., 2005). However, from the 54 

small amount of studies covering potato blanching water research, samples taken are very limited in 55 

quantity and analysed characteristics. Furthermore, in these studies, the processing conditions at the 56 

moment of sampling are not mentioned. 57 

In the blanching process, operating at a constant potato input rate, freshwater is continuously or 58 

periodically added due to the increasing number of soluble components (e.g. carbohydrates) or 59 

microbial growth in the blanching water. These water refreshments should depend on the changing 60 

state of the blanching water quality, i.e. the velocity or quantity of diverse components such as 61 

carbohydrates leaching out of the potatoes (Arroqui et al., 2001), with the retainment of the right 62 

potato product quality. However, in practice, this refreshment rate is (visually) determined by rules of 63 

thumb or based on operators' experience without any specific (online) measurement or control of 64 

water characteristic parameters. Also, different factors could be influencing this process: differences 65 

between potato varieties (such as Bintje, Fontane, Challenger) as mentioned by Morales-Fernández et 66 

al. (2015) and Veerman (2003), the difference in early-, mid- or late-season potatoes (i.e., depending 67 

on the days needed to reach maturity) with the latter type having a higher starchiness compared to 68 

the early season potatoes (Leo et al., 2008; Lisinska and Leszczynski, 1989; Volkov et al., 2022), pre-69 

harvest conditions (KUMAR et al., 2004) or storage conditions (time & temperature) inducing 70 
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sweetening processes with changing sugar concentrations in the potatoes as a result (Blenkinsop et 71 

al., 2002; Carvalho, 2017; De Wilde et al., 2005). 72 

As the process water coming from a blancher may be rich in sugars and starch, a water treatment 73 

urges when recirculation is considered to reduce the consumption of valuable fresh water of potable 74 

quality. Because of the limited information in the literature regarding the potato blanching water 75 

quality and influences coming from the processing conditions , it is very difficult to select a suitable 76 

treatment for the recuperation of the water, (thermal) energy and interesting by-products such as 77 

starch. To counter this, the objectives of this research were (i) to provide an extensive physicochemical 78 

characterisation of blanching water in different Belgian potato companies combined with a brief 79 

microbiological screening, taking into account varying (ii) process parameters, (iii) seasons and (iv) 80 

companies. The outcome of this study should enable possibilities for future research to conduct proper 81 

selection of water treatment technologies by highlighting the specific characteristics of the blanching 82 

water and the points of attention when treating it. 83 

2 Materials and methods 84 

2.1 Experimental set-up and sampling methodology 85 

Water samples (n=68) from 17 full-scale operating horizontal hot water screw blanchers in seven 86 

different companies (further denoted from A to G) located in Belgium were collected throughout all 87 

seasons between February 2020 and April 2021. The hot water-filled screw blanchers all consisted of 88 

a rotating screw moving the product while either steam or heated water was used for temperature 89 

control and as water refreshment. For a full screening of real industrial blanching water and all its 90 

different influences such as the impact of different blanching conditions on the water quality, samples 91 

were collected from a ‘high temperature, short time’ blancher (further referred to as BL1) and 92 

subsequent ‘low temperature, long time’ blancher (further referred to as BL2) in the same processing 93 

line of producing (frozen) fried fries. Company A occasionally included a third blancher in the same 94 

processing line (as a matter to extend the ‘low-temperature, short-time’ blancher) which was also 95 

sampled when operational, (further referred to as BL3). This blancher is only used in the period 96 
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between March – June, when processing late-season and longest stored potatoes (since the harvesting 97 

period September – October) to compensate for the usually higher sugar concentrations by extending 98 

the time for carbohydrate leaching (Carvalho, 2017; Volkov et al., 2022). At companies B, C, E, F and G 99 

an (additional) blancher type was sampled processing larger potato parts (further referred to as BLS) 100 

used for the production of other potato products than fries (e.g. wedges, croquettes, hash browns). 101 

For these products, only one blanching step is commonly used. A summary of minimum and maximum 102 

blancher settings (i.e. temperature, time, water refreshment rates, etc.) for the different blanchers is 103 

given in Table 1. Note that due to the industrial setting, not all processing conditions could be obtained 104 

for every sample as some companies do not monitor or log every parameter. Companies A & B were 105 

sampled at different seasons with an increase in sampling frequency during the seasonal shift from 106 

processing stored to freshly harvested potatoes (typically) in the summer period. Other companies 107 

were sampled at least once for mutual comparison. A complete overview of the collected samples at 108 

any moment is displayed in Table S1. 109 

Clean HDPE containers, pre-rinsed with the deliberate sample, were used to collect the water at 110 

the blancher sampling taps or if not available by grab sampling. At every sampling moment, the specific 111 

available processing conditions were noted. 112 

2.2 Analysis methods 113 

Analyses were performed within 12h after sampling or frozen for later analysis to avoid (microbial) 114 

changes in the water affecting the water quality. The water was cooled to ambient temperature (± 22 115 

°C) for uniform measurement conditions and analysed following the ‘Standard Methods for the 116 

Examination of Water and Wastewater’ (Rice et al., 2017). Hanna Instruments (portable) meters were 117 

used to measure pH (HI2002-02) and turbidity (HI98703-02). Conductivity (EC) was measured using a 118 

HACH multi-meter (HQ40D) and probe (CDC401). Also dry matter (VENTI-Line), ash content (Carbolite 119 

ESF12/10), Kjeldahl nitrogen (Büchi, K436 & K350), particle size distribution (Malvern Panalytical, 120 

Particle Size Analyser 2000), multi-element analysis using an ICP-OES (Thermo Fisher, iCAP 7000 Series) 121 

and titrimetric measurement of water hardness (expressed in mg CaCO3/L) were 122 
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determined/performed using the same standard methods (Rice et al., 2017). A Shimadzu 1800 123 

spectrophotometer was used to collect absorption data between 200 – 800 nm (1 cm path length), i.e. 124 

in the UV-VIS (ultraviolet-visible light) area. COD (LCK 014), orthophosphates (LCK 350), total 125 

phosphorous (LCK 350), chlorides (LCK 311) and nitrates (LCK 339) were spectrometric determined 126 

using HACH cuvettes and a DR6000 spectrophotometer. Viscosity was measured using the falling-ball 127 

principle (Ali et al., 2019). Reducing sugars and starch content were determined using the method of 128 

Luff-Schoorl (Matissek et al., 2014). 129 

Total Psychotropic Aerobic Count (TPAC) was conducted on Plate Count Agar (Thermofisher 130 

CM0325) and incubated for 72 h at 22 °C, Escherichia coli (E. coli) were determined using RAPID’E.coli 131 

2 Medium (BIO-RAD 3564024) and incubated for 24 h at 37 °C (ISO 9308-1), lactic acid bacteria (LAB) 132 

were plated on MRS broth (Thermofisher CM0359) with incubation on 30 °C for 72 h (ISO 15214) and 133 

thermophilic aerobic spores were determined by heating the samples at 80 °C for 10 min in a water 134 

bath followed by incubation on Plate Count Agar (Thermofisher CM0325) at 55 °C for 48 h (Kent et al., 135 

2016). 136 

The collected data were processed using SPSS statistics 24 for all statistical analyses 137 

(www.spss.com). Principal Component Analysis (PCA) was used for parameter reduction by applying 138 

pattern recognition following the procedure described by Chys et al. (2018). 139 

3 Results and discussion 140 

3.1 Blanching water composition 141 

Characterization results of all samples are presented in Table 2, indicating that the blanching 142 

process is strongly affecting the water matrix considering potable water is used as starting water. The 143 

most notable characteristics are concerning the organic load and the presence of dissolved ions in the 144 

water. Concentrations of 9032 ± 4349 mg O2/L COD, 5117 ± 3070 mg O2/L Biological Oxygen Demand 145 

(BOD), 0.264 ± 0.323 g/L glucose and 1.40 ± 1.22 g/L starch were detected on average. Dissolved ions 146 

such as potassium (1279 ± 510 mg potassium/L), chloride (348 ± 142 mg Cl-/L) and magnesium (126 ± 147 

65 mg magnesium/L) were detected with the highest concentrations of the dissolved ions. These ions 148 
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are also most probably responsible for the high conducting capacity of the blanching water (4.56 ± 1.39 149 

mS/cm on average). These results emphasize the importance of a well-selected treatment technique, 150 

or combination of techniques aiming to reduce both the organic load and dissolved ions until the 151 

drinking water limit is met, as described in KB 14/01/2002 (i.e. Belgian drinking water legislation). A 152 

(physical) separation as pre-treatment could help reduce the particulate organic load, e.g. 153 

centrifugation before membrane filtration. 154 

Potato tubers consist of approximately 76.3 % water, 17.5% carbohydrates, 2% of proteins, 0.7% of 155 

fibres and 0.4% of potassium (Sablani and Mujumdar, 2006). Leaching of these components from the 156 

potatoes during blanching will contribute to the increasing (organic) load in the water. The water 157 

turbidity and dry matter content of 744 ± 641 NTU and 1.06 ± 0.51 m% on average will mainly be 158 

determined by the present proteins, carbohydrates and fibres. The latter two are probably also 159 

responsible for the largest part of the measured particles as fibres could have particle sizes of 105 µm 160 

(Dhingra et al., 2012) and starch granules sizes between 1 – 110 µm (Singh et al., 2016), depending on 161 

the potato itself and gelatinization while glucose, proteins and ions are smaller than 0.30 µm (David 162 

and Livney, 2016; Minoli, 2005). Micronutrients such as potassium, calcium or phosphorous, present 163 

in potatoes, were also detected in the blanching water. Chlorides in the blanching water were detected 164 

in concentrations up to 786 mg Cl-/L, while the maximum limit in potable water is 250 mg Cl-/L 165 

(2020/2184/EC). Only ± 0.07 % of the potato composition is covered by chlorides (White et al., 2009) 166 

indicating that the high chloride concentrations could be the result of the leaching effect from the 167 

potato tubers, potentially combined with residual concentrations in the blancher from chlorine-based 168 

cleaning or disinfection products and/or the salty buffers/additives used during processing (e.g. to 169 

operate the ‘pulsed electric field’ treatment). The addition of salts such as CaCl2 and Ca(OH)2 at the 170 

blanching step is mentioned in the literature as a possible microbial inhibitor (Reis, 2017) or as an 171 

improvement to fries quality (Gökmen and Şenyuva, 2007), but this is not confirmed by the sampled 172 

companies as used techniques. The acidic to neutral pH of the blanching water is in line with the 173 
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common pH of potatoes of 5.9 – 6.2 (Hyde and Morrison, 1964), due to the presence of organic acids, 174 

e.g. ascorbic acid, present in the tubers. 175 

The average concentrations of pH (6.34 ± 0.72), Kjeldahl nitrogen (0.052 ± 0.022 m/V%) and glucose 176 

(0.264 ± 0.323 g/L) in this study are similar to the literature (Catarino et al., 2007; Lemmel et al., 1979; 177 

Wang et al., 2005), while COD and starch values are much higher compared to those studies (on 178 

average: 1060 to 9032 mg O2/L COD and avg.  0.432 to 1.4 g/L starch). Although these few sources 179 

indicate some important physicochemical or biochemical components in potato blanching water, 180 

currently none of these publications specifies the exact origin (type of processing plant and step) and 181 

circumstances (type of blanched potato product and conditions) of the blanching water samples. 182 

Hence, differences between this research and the literature could be due to different conditions. 183 

The microbiological parameters of interest were chosen based on screenings by cooperating 184 

companies and the microbiological standards mentioned in the Belgian royal dicision of 14/01/2002. 185 

Results from the microbial screening showed no detection (<LOD) of coliforms and Escherichia coli 186 

which are eliminated from the food products and water by the high temperatures (> 60 °C) in the 187 

blanching process and good hygienic operation. However, thermophilic aerobic spores and lactic acid 188 

bacteria are present in the blanching water with respectively 2.7 ± 1.1 and 2.6 ± 0.8 logs CFU/ml 189 

detected in the water. The latter could be of importance in terms of acidification and odour pollution 190 

of the blanching water and product. Acidification is now suppressed by continuous water refreshment 191 

inside the blanchers. In the case of treating the blanching water for reuse, attention should be paid to 192 

microbial safety. As microbial growth is likely to occur, a post-treatment disinfection step will be 193 

necessary if the selected water treatment technology fails to restrain this growth. 194 

3.2 The impact of blanching process conditions on the water composition 195 

Figure 1 shows the results of BL2 as a percentage of BL1 for most monitored physicochemical 196 

parameters. The pH, nitrates, spectrometric parameters (absorbances) and parameters constituting 197 

the organic matrix such as turbidity, COD, glucose and starch concentrations are visually lower in BL2 198 

compared to BL1. This was statistically confirmed by a one-way ANOVA on a 5% significance level.  199 
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The high(er) concentrations in BL1 might seem contradictory as the ‘low temperature, long time’ 200 

blancher (i.e. BL2) is commonly used for carbohydrate leaching. However, the differences could be 201 

explained by the relative water consumption for both blanchers. BL1 blanchers are usually smaller (<10 202 

m³) compared to the BL2 types (>20 m³), while an equal amount of potatoes is processed in both types. 203 

In addition, water refreshments of 1.8 – 10 m³/h are maintained in BL2 compared to the 1 – 2.5 m³/h 204 

in BL1, this results in a much higher potato-to-water ratio for BL1 than BL2 (respectively 5.52 up to 205 

34.35 t/m³ vs. 0.38 up to 6.17 t/m³). 206 

Figure 1 also shows that organic components, which are most abundant in potatoes, lead to a fast 207 

saturation in the blanching water of BL1 while mono and divalent ion concentrations are more evenly 208 

distributed through different blanching steps. Different diffusion rates between the larger organic 209 

molecules and small mono or divalent ions will probably be the reason why only a selection of 210 

parameters is more concentrated in BL1. This was stated by Pedreschi et al. (2009) claiming that sugars 211 

could have variable diffusivities in the function of the blanching time. 212 

Including a third blancher (BL3), as occasionally done by company A, reduces the average product 213 

residence time to 9.7 ± 3.1 min in BL2 and BL3 compared to 12.8 ± 5.3 min at BL2 during other moments 214 

in the year. As a result, a (small) decrease in almost all parameters is noticed when comparing the 215 

means of BL2 (Table 3) and BL3 (Table S2), as expected considering that the fries entering BL3 already 216 

contain a lower number of components which could be leached out. Only the particle sizes of BL3 217 

(D4.2 = 284 ± 50 µm) seem to be larger on average compared to BL2 (D4.2 = 207 ± 100 µm). This 218 

suggests the presence of larger particles, coming from the higher starchiness, in late-season and/or 219 

long-stored potatoes. When comparing D4.2 of the three BL2-samples taken at the same moment as 220 

BL3, 242 ± 43 µm is still smaller than 284 ± 50 µm of BL3, indicating that larger particles take longer to 221 

leach out of the potatoes. However, differences are small and statistically not confirmed. 222 

The water characteristics from the blancher in the production line for potato products (BLS) are 223 

difficult to compare with other types considering the differences in products (fries vs potato parts) and 224 

processing conditions (Table 1). Overall, concentrations are similar to those for BL1 as, with BLS as a 225 
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single-blanching step, both enzymatic deactivation and carbohydrate leaching should be 226 

accomplished, resulting in an accumulation of an equivalent (organic) load coming from the potatoes 227 

which are usually divided over multiple blanchers at processing lines with multi-stage blanching steps.  228 

Considering all results, no direct relations could be drawn between the blanching water 229 

composition and the blanching process conditions at the moment of sampling. Further exploration at 230 

the companies revealed that between two moments of cleaning and disinfection, processing 231 

conditions and potato varieties could vary daily and are now not always (correctly) monitored. 232 

Companies will strive for uniform product quality, so processing parameters will be adjusted in 233 

function of that. For example, water refreshments will be increased if microbial acidification and odour 234 

pollution increase or the fries’ residence time at the blanchers will be increased if quality control 235 

measures too high sugar contents. So in addition, more frequent monitoring on shorter periods (i.e. 236 

between two cleaning & disinfection moments) will be necessary for further elaboration on the 237 

correlation analysis between the processing conditions and physicochemical composition of blanching 238 

water. This should be combined with pre-installed monitoring sensors/systems to accomplish exact 239 

logging of important processing parameters. 240 

3.3 The seasonal variation influencing the blanching water composition 241 

During July, August and September, potatoes are processed immediately after harvesting. These 242 

are mostly early- and mid-season potato types. However late season potato types could also be 243 

processed upon harvest but are usually stored through the year to provide continuous input to the 244 

processing plants. As an increasing maturity of the potatoes (during storage) involves an increasing 245 

amount of starch in the tubers (Volkov et al., 2022), it also benefits sweetening processes, i.e. 246 

increasing sugar concentrations (Mestdagh et al., 2008a). Hence, it is important for the companies 247 

processing the potatoes to adjust their processes to maintain a uniform end product. Currently, it is 248 

not known if this seasonal shift (and changing concentrations of carbohydrates in potatoes) induces a 249 

difference in blanching water quality or if the quality will be more stable as it follows the changes made 250 

in the process to maintain a uniform end product. 251 
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Figure 2 shows the COD, turbidity and starch concentrations in different blanchers (from companies 252 

A & B) followed up for multiple seasons. However, no visual or statistical (one-way ANOVA, Sig.=0.05) 253 

confirmation could be found when verifying this hypothesis, as concentrations seem to be in the same 254 

range throughout the year. As mentioned before, processing conditions are being changed to maintain 255 

a uniform end product. Another possible reason for these constant concentrations in the water could 256 

be the potential presence of a state of equilibrium during blanching. This phenomenon was already 257 

mentioned in studies of Mestdagh et al. (2008b) and Tomasula et al. (1990), indicating that sugars will 258 

diffuse from the potato products to the water with the constant velocity of the equilibrium under fixed 259 

blanching conditions. However, both situations were not based on full-scale operating industrial 260 

blanchers accounting for all processing conditions or evaluating the complete blanching water matrix. 261 

To study the occurrence of the equilibrium, a simulation is made where the mass of blanched fries 262 

per volume of water used is plotted over time, starting from the moment the blancher is drained, 263 

cleaned, disinfected and filled again (Figure 3Fout! Verwijzingsbron niet gevonden.). The curves were 264 

plotted using the minimum and maximum values of BL1 & BL2 mentioned in Table 1 and function ( 1 265 

), with t = processing time (h) since the last cleaning and refill of the blancher. 266 

f(t) =
processing rate (

t
h

) ∗ t (h)

blancher volume (mଷ) + water refreshment rate ൬
mଷ

h
൰ ∗ t (h)

 267 

( 1 ) 268 

Since most samples were taken of BL1 and BL2, two scenarios were plotted for these both 269 

blanchers, one simulation with the lowest processing rates recorded during sampling (i.e. 6 t/h for 270 

both) at the largest water refreshment rates (i.e. 2.5 m³/h for BL1 and 10 m³/h for BL2) and vice versa. 271 

Figure 3Fout! Verwijzingsbron niet gevonden. shows that in both cases for all blanchers most changes 272 

happen in the first 24 to 48 hours after start-up before reaching a certain level of equilibrium. It is 273 

expected that this “plateau” also induces a blanching water quality with minimal variations. For this 274 

research, only 10% of the samples were taken within the first 48 hours after start-up. 18% were taken 275 

between 48 – 100 hours after start-up and 72% after that, explaining the continuity of the blanching 276 
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water composition through the year based on simulated process data. A small increase is noticeable 277 

when comparing the physicochemical parameters of samples taken at company A or B in the first hours 278 

after start-up to samples taken later. But with the other companies excluded, too few samples taken 279 

in the first 100 hours are available to draw any conclusions on the exact trend in the first hours after 280 

start-up. Regarding possible treatment technologies, the consistent composition and load of the 281 

blanching water throughout the year will facilitate possible treatment selection and handling. 282 

3.4 Variability of blanching water composition between companies 283 

Two different potato processing companies were monitored frequently over 1.5 years for which 284 

average concentrations and the variance for BL1 and BL2 are given in Table 3. For all 49 monitored 285 

parameters except calcium, no (statistical) differences are found (one-way ANOVA, Sig.=0.05) between 286 

the companies for BL1, which could imply that the blanching water composition is company-287 

independent. However, for BL2 the results are less clear as 18 of the 49 measured parameters showed 288 

statistical differences between the companies (one-way ANOVA, Sig.=0.05). Despite the similar ranges, 289 

the sizing and processing conditions in a company are most likely to be decisive for the quality of the 290 

blanching water, despite the common ranges in which the concentrations usually remain. For BL1 an 291 

average of 20.0 ± 8.8 and 12.8 ± 5.7 “tonnes of processed potatoes/cubic meter water used” was 292 

maintained for companies A and B respectively. For BL2, this was 4.8 ± 0.6 t/m³ for company A and 293 

1.75 ± 0.6 t/m³ for company B. When considering the overlap or no overlap of the standard deviations, 294 

this data confirms the possible (in)differences between companies due to their specific processing 295 

conditions, i.e., possibly inducing different levels of equilibriums (Fout! Verwijzingsbron niet 296 

gevonden.). Also, company A includes the third blancher as an extension of BL2 to balance the 297 

‘pollution’ of the load of the water. This is not the case in company B resulting in changes in water 298 

refreshments and other processing conditions of BL2 to compensate for fries with higher carbohydrate 299 

concentrations.  300 

3.5 Principal Component Analysis for further evaluation of (post-)processing conditions on the 301 

dependency of the blanching water composition 302 
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Principal component analysis (PCA) was applied as research development to study the general 303 

(in)dependency of the studied potato blanching water composition with (pre-)processing conditions 304 

such as the storage (time) of potatoes processed or type of blancher. Based on a significant Barlett’s 305 

test of sphericity (χ2 (210) ≈ 1633.0; p= <0.001), KMO value > 0.5 (KMO = 0.779) and an Eigenvalue > 1 306 

for each PC, a “five principal component (PC) model” could be obtained representing the used 307 

physicochemical parameters with an explained cumulative total variance of 88%. Starting with the 308 

complete data set, parameters were one by one excluded, starting with the parameter with the lowest 309 

available data points until the above-mentioned criteria were met for the evaluation of the PC. 310 

Eventually, viscosity, BOD, total phosphorus, water hardness and micro-elements such as iron, 311 

potassium and calcium were not used. The rotated principal component matrix is presented in the 312 

supplementary data (Table S3). 313 

Based on the correlations in this matrix it is clear that PC1 has an affinity for the spectral 314 

(determined) parameters (UV-VIS absorbance and turbidity), while PC2 represents the information 315 

about particle sizes. PC3 is most related to the general water quality with parameters such as dissolved 316 

ions, conductivity, dry matter and ash. PC4 and PC5 are more focussed on the organic matter, with PC4 317 

retaining most information on the COD and nitrogen and for the last PC carbohydrates and pH are best 318 

related. 319 

Data plots using the PCs were studied to find further interactions between parameters. Figure 4 320 

shows the data plot of PC1 and PC2 with the differentiation by type of potato being processed at the 321 

time of sampling. From this graph, a trend is observed showing that when processing stored potatoes, 322 

the blanching water will have more particles of larger size compared to when processing fresh 323 

potatoes. This could confirm the earlier mentioned statement that more starch (i.e. larger particles) 324 

are present in the water because the stored potatoes have elevated starch concentrations. Between 325 

other PCs, some groups are noticed supporting the slightly higher presence of organic compounds in 326 

BL1 blancher types, though the distinction is overlapping and vague. Further absence of clear grouping 327 

shows that these PCs are less dependable to different conditions. This fits with earlier observed lack 328 
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of correlations, meaning that the physicochemical composition is constant over different seasons 329 

(excluding particle sizes) and different companies. 330 

4 Conclusion 331 

An extensive characterisation of blanching water originating from different potato processing 332 

companies in Belgium was performed for 1.5 years. Results exposed that the water matrix was highly 333 

loaded with both organic matter and dissolved ions leached from the potatoes, making the water 334 

challenging to treat. Microbial activity is still ongoing with the presence of lactic acid bacteria and 335 

thermophilic spores in the water.  336 

Small differences were observed between subsequent ‘high temperature, short time’ or ‘low 337 

temperature, long time’ blanchers in the production line for (frozen) fries. Variations in the organic 338 

load are mainly affected by the differences in the potato-to-water ratio in the blancher and the 339 

different diffusion rates of different components. A third blancher in the same line can be used as an 340 

extension to the second blancher (‘low temperature, long time’) to have an increased leaching effect 341 

when processing (long) stored potatoes with higher carbohydrate content. 342 

No direct relations were observed between processing conditions and blanching water composition 343 

due to the frequent change of processing conditions between two moments of cleaning & disinfection 344 

to maintain the uniform quality of fries. An intensive water sampling and monitoring of process 345 

conditions between these two moments should be performed to expand correlation analysis. Also, a 346 

hypothesis was developed to explain the consistent water quality through time/seasons. A possible 347 

level of equilibrium (i.e. steady state) is assumed to occur in the blancher where the number of 348 

leached-out components and water refreshment are constant, inducing an equal constant blanching 349 

water composition. Further research should investigate the possible accuracy of this hypothesis. 350 

Differences between seasons, i.e. when processing different potato types, did not result in different 351 

sugar or starch concentrations in the water due to compensation by the companies and the proposed 352 

steady-state level. The blanching water composition for similar types of blanchers between different 353 

companies will also depend mainly on the potato-to-water ratio used. Principal component analysis 354 
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(PCA) was used as a parameter-reduction method to further investigate earlier made hypotheses on 355 

the influence of (post-)processing conditions on the blanching water quality. Results revealed a higher 356 

presence of large particles in the blanching water when processing (long) stored potatoes. Further, 357 

PCA showed no clear grouping of parameters based on season, company or blancher type confirming 358 

the observations (lack of correlations) and the possible steady-state resulting in the constant 359 

composition of the blanching water. 360 

The average concentrations of the prevalent components in the blanching water and the range 361 

given in this study provide better insights into the blanching process. This induces possibilities for valid 362 

water management, treatment and by-product valorisation as future estimation of the blanching 363 

water quality will be more convenient. In case of possible water treatment for reuse, the high organic 364 

load will be of importance when advanced water techniques would be used such as membrane 365 

filtration (e.g. ultrafiltration or reverse osmosis) aiming for the effluent to be of potable water quality. 366 

Therefore, the implementation of a pre-treatment step would be recommended to lower the 367 

suspended solids concentration and possibly dissolved organic load which will improve complex water 368 

treatment processes. If the selected treatment fails to deliver microbial-safe water, disinfection as 369 

post-treatment will also be necessary. 370 
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Figures 505 
 506 

 507 
Figure 1: Average concentrations of BL2 (n=24) as a percentage of average concentrations of BL1 (n=24) from companies A 508 
and B, for a selection of physicochemical parameters. 509 

  510 



22 
 

 511 
Figure 2: Chemical Oxygen Demand (COD) (I), glucose (II) and starch (III) concentrations from the different blancher types 512 
(BL1, BL2, BL3 & BLS) sampled in companies A (n = 27) and B (n = 30). The dotted line represents the start and end of freshly 513 
harvested potatoes being processed (non-stored).  514 

(I) 

(II) 

(III) 
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 515 

Figure 3: Simulation of the potato-to-water ratio through time in the blanchers of potato processing companies based on 516 
recorded data. A and C = the highest recorded potato processing capacity (t/h) with the lowest recorded total blancher 517 
volume (m³) and water refreshment flow (m³/h) for respectively BL1 and BL2, B & D = the lowest recorded potato processing 518 
capacity (t/h) with the highest recorded total blancher volume (m³) and water refreshment flow (m³/h) for respectively BL1 519 
and BL2. 520 

  521 
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 522 
Figure 4: Results of the principal component analysis, with components 1 and 2 plotted. The distinction of the type of potato 523 
(i.e. stored or non-stored/freshly harvested) is visualized by dot size. 524 

  525 
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Tables 526 
 527 

Table 1: 528 
Ranges of used processing conditions during blanching at the moment of sampling for every type of blancher at seven 529 
different companies with the respective number of samples taken per blancher type between brackets; with BL 1 to 3 in the 530 
same line for the production of fries and BLS as blancher for producing (mashed) potato specialities. 531 

 BL1 (n=27) BL2 (n=26) BL3 (n=3) BLS (n=12) 
Blanching temperature (°C) 80 – 92 60.5 – 75 70.5 70 – 85 
Blanching time (min) 0.75 – 2.5 6 – 20 6 – 14 7 – 26 
Processing rate (t/h) 6 – 50 6 – 50 36 – 44 2 – 9 
Blancher volume (m³) 3 – 8.5 20 – 35 31.8 4 –15 
Water refreshment rate (m³/h) 1 – 2.5 1.8 – 10 7.2 – 8.2 0.4 – 4.3 * 

Mass potatoes processed per 
volume of water used (t/m³) 

5.52 – 34.35 0.38 – 6.17 4.39 – 5.85 0.63 – 8.02 

* In companies B and C steam was used to maintain a constant water level instead of a constant fresh 
water refreshment. 

  532 
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Table 2 533 
Physicochemical composition and microbiological screening of potato blanching water from 68 different samples obtained 534 
at the seven sampled companies (A-G) and four different hot water screw blanchers (BL1, BL2, BL3 & BLS). 535 

 n Minimum Median Maximum Mean 
Standard 
deviation 

pH 68 5.07 6.40 7.87 6.34 0.72 
Viscosity (Pa.s) 68 1 1 1 1 0 
Conductivity (mS/cm) 68 1.99 4.78 7.92 4.56 1.39 
Turbidity (NTU) 68 48.2 624 3086 744 641 

BOD (mg O2/L) 42 525 4432 14331 5117 3070 

COD (mg O2/L) 68 2212 9331 28840 9032 4349 
Nitrates (mg NO3--N/L) 66 0.360 3.33 26.8 5.28 5.35 
Orthophosphate (mg PO43--P/L) 68 14.5 42.6 98.8 46.6 20.8 
Total phosphorus (mg P/L) 23 40.1 109 196 117 48.5 
Chlorides (mg Cl-/L) 66 120 345 786 348 142 
Dry matter (m%) 68 0.29 1.10 3.12 1.06 0.51 
Ash (m%) 60 0.05 0.31 0.65 0.30 0.12 
Hardness (mmol CaCO3/l) 50 1.3 3.9 7.5 4.1 1.4 
Kjeldahl nitrogen (m/V%) 66 0.005 0.052 0.126 0.052 0.022 
Glucose (g/L) 68 < 0.050 * 0.145 1.69 0.264 0.323 
Starch (g/L) 68 < 0.120 * 1.08 5.11 1.40 1.22 
K (mg/L) 65 296 1307 2400 1279 510 
Ca (mg/L) 63 18.8 45.0 239 58.1 38.5 
Na (mg/L) 65 < 0.006 * 27.9 174 40.9 41.5 
Mg (mg/L) 64 33.8 116 416 126 65.2 
Fe (mg/L) 65 < 0.009 * 0.604 4.54 0.843 0.715 
Mn (mg/L) 65 0.088 0.391 86.3 1.72 10.7 
Ni (mg/L) 65 0.010 0.063 4.645 0.773 1.32 
Cd (mg/L) 65 < 0.004 * 0.052 4.36 0.694 1.23 
Cr (mg/L) 54 < 0.002 * 0.095 0.644 0.186 0.193 
B (mg/L) 54 < 0.004 * 0.623 19.88 2.70 3.85 
Cu (mg/L) 34 0.029 0.092 0.467 0.166 0.134 
Pb (mg/L) 34 0.033 0.962 4.21 1.13 1.19 
Zn (mg/L) 45 < 0.007 * 1.24 2.45 0.998 0.838 
Absorbance at 220 nm 50 11.4 33.8 80.2 35.1 14.9 
Absorbance at 254 nm 50 5.95 16.8 41.9 18.0 8.34 
Absorbance at 310 nm 50 3.15 8.93 23.3 9.82 4.63 
Absorbance at 436 nm 50 0.550 5.09 12.6 5.71 2.53 
Minimal particle diameter (µm) 66 0.058 * 4.94 104 38.9 41.1 
Median particle diameter (µm) 66 11.2 142 879 211 274 
Maximal particle diameter (µm) 66 41.4 477 879 399 220 
D4.2 (µm) 66 28.4 241 517 217 114 
D3.2 (µm) 66 24.9 222 512 195 103 
Total colony count at 22°C (logCFU/ml) 12 1.8 3.3 4.3 3.3 0.8 

E. coli or coliforms (logCFU/ml) 12 < 1.0 * < 1.0 * < 1.0 * < 1.0 * - 

Lactic acid bacteria (logCFU/ml) 10 1.2 2.7 3.4 2.6 0.8 

Thermophilic aerobic spores (logCFU/ml) 11 1.2 2.6 4.8 2.7 1.1 

* Indicates the LOD.       
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Table 3 536 
Average concentrations with their standard deviation of the physicochemical composition and microbiological screening of 537 
blanching water between companies A & B comparing BL1 and BL2. 538 

 n Company A BL1 Company B BL1 Company A BL2 Company B BL2 
pH 12 6.66 ± 0.30 7.09 ± 0.44 5.53 ± 0.34 * 6.64 ± 0.45 * 
Viscosity (Pa.s) 12 1 ± 0 1 ± 0 1 ± 0 1 ± 0 
Conductivity (mS/cm) 12 4.81 ± 0.36 4.17 ± 1.28 5.60 ± 0.68 * 2.83 ± 0.72 * 
Turbidity (NTU) 12 912 ± 331 671 ± 355 604 ± 238 * 211 ± 117 * 
BOD (mg O2/L) 6 5304 ± 2037 5739 ± 2731 4498 ± 1567 1956 ± 1693 
COD (mg O2/L) 12 10364 ± 1161 9904 ± 4100 9648 ± 1120 * 4197 ± 2523 * 
Nitrates (mg NO3--N/L) 11 8.94 ± 2.75 6.13 ± 4.07 3.48 ± 2.86 * 0.832 ± 0.456 * 
Orthophosphate (mg PO43--P/L) 12 46.1 ± 5.5 40.9 ± 17.1 72.6 ± 11.3 * 28.0 ± 14.3 * 
Total phosphorus (mg P/L) 2 152 ± 61 153 ± 48 134 ± 15 91.5 ± 35.8 
Chlorides (mg Cl-/L) 11 390 ± 56 321 ± 121 388 ± 51 * 175 ± 46 * 
Dry matter (m%) 12 1.23 ± 0.12 1.03 ± 0.48 1.24 ± 0.14 * 0.47 ± 0.15 * 
Ash (m%) 11 0.32 ± 0.03 0.30 ± 0.12 0.38 ± 0.07 * 0.16 ± 0.07 * 
Hardness (mmol CaCO3/l) 8 3.8 ± 0.3 3.9 ± 1.0 4.2 ± 0.5 * 2.0 ± 0.6 * 
Kjeldahl nitrogen (m/V%) 12 0.057 ± 0.007 0.049 ± 0.021 0.064 ± 0.008 * 0.026 ± 0.010 * 
Glucose (g/L) 12 0.455 ± 0.312 0.419 ± 0.272 0.158 ± 0.157 < 0.05 (LOD) 
Starch (g/L) 12 2.24 ± 0.98 2.13 ± 1.42 1.15 ± 0.58 * 0.113 ± 0.205 * 
K (mg/L) 12 1410 ± 272 1115 ± 467 1596 ± 331 * 625 ± 296 * 
Ca (mg/L) 12 39.4 ± 11.5 * 70.6 ± 18.0 * 40.9 ± 11.8 * 29.2 ± 9.2 * 
Na (mg/L) 12 33.8 ± 45.1 59.2 ± 16.0 37.6 ± 50.4 64.2 ± 34.3 
Mg (mg/L) 12 121 ± 105 141 ± 59 105 ± 56 119 ± 42 
Fe (mg/L) 12 1.14 ± 1.19 1.01 ± 0.84 0.726 ± 0.390 0.679 ± 0.587 
Mn (mg/L) 12 0.462 ± 0.110 8.16 ± 25.90 0.466 ± 0.161 * 0.269 ± 0.125 * 
Ni (mg/L) 12 0.802 ± 1.279 1.37 ± 1.73 0.639 ± 1.052 1.54 ± 1.77 
Cd (mg/L) 12 0.667 ± 1.040 1.16 ± 1.55 1.11 ± 1.72 0.923 ± 1.249 
Cr (mg/L) 9 0.251 ± 1.040 0.228 ± 0.202 0.297 ± 0.298 0.147 ± 0.098 
B (mg/L) 9 3.16 ± 3.25 3.99 ± 3.97 2.70 ± 2.83 4.91 ± 6.06 
Cu (mg/L) 7 0.158 ± 0.129 0.147 ± 0.124 0.227 ± 0.168 0.085 ± 0.060 
Pb (mg/L) 7 1.27 ± 1.23 1.42 ± 1.43 0.845 ± 0.775 1.47 ± 1.36 
Zn (mg/L) 10 1.02 ± 0.89 0.763 ± 0.850 1.14 ± 1.01 0.687 ± 0.791 
Absorbance at 220 nm 8 41.4 ± 3.9 33.2 ± 11.3 32.5 ± 7.8 * 20.1 ± 9.2 * 
Absorbance at 254 nm 8 21.4 ± 2.9 15.1 ± 4.7 17.3 ± 4.9 * 10.3 ± 4.6 * 
Absorbance at 310 nm 8 11.4 ± 2.4 8.30 ± 2.60 9.15 ± 2.40 * 5.96 ± 1.91 * 
Absorbance at 436 nm 8 6.52 ± 1.52 4.91 ± 1.20 5.35 ± 1.42 3.78 ± 0.96 
Minimal particle diameter (µm) 11 45.6 ± 42.9 33.6 ± 37.1 37.9 ± 46.6 53.8 ± 39.0 
Median particle diameter (µm) 11 241 ± 322 295 ± 356 252 ± 316 249 ± 299 
Maximal particle diameter (µm) 11 494 ± 199 412 ± 241 365 ± 210 384 ± 166 
D4.2 (µm) 11 233 ± 87 224 ± 137 207 ± 100 229 ± 119 
D3.2 (µm) 11 205 ± 74 196 ± 117 188 ± 91 216 ± 120 
Total colony count at 22°C (log CFU/ml) 3 3.9 ± 0.5 3.4 ± 0.3 3.0 ± 1.1 2.9 ± 1.1 
E. coli or coliforms (log CFU/ml) 3 < 1 (LOD) < 1 (LOD) < 1 (LOD) < 1 (LOD) 
Lactic acid bacteria (log CFU/ml) 3 2.4 ± 0.5 3.4 ± 0.1 3.1 ± 0.5 1.8 ± 0.8 
Thermophilic aerobic spores (log CFU/ml) 3 2.5 ± 0.4 2.2 ± 0.7 3.4 ± 2.0 3.0 ± 1.6 
* indicates the parameters being statistical different between company A and B 
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Table S1 1 
Overview of the seven sampled potato processing companies, with the sampling moment and frequency for each blancher 2 
type throughout the complete campaign. 3 

Company: A B C D E F G 

Blancher type: 
BL
1 

BL
2 

BL
3 

BL
1 

BL
2 

BL
S 

BL
1 

BL
2 

BL
S 

BL
1 

BL
2 

BL
S 

BL
S 

BL
1 

BL
S 

20
20

 

February 2x 2x 1x             
March 1x 1x 1x 1x 1x 1x          
April                
May                
June 1x 1x 1x 2x 2x 2x          
July *                

August * 2x 2x  1x 1x 1x          
September * 1x 1x  2x 2x 1x 1x 1x 1x 1x 1x 1x 2x   

October              1x 2x 
November 1x 1x              
December    1x 1x 1x          

20
21

 

January                
February 1x 1x  2x 2x           

March 2x 2x  3x 3x           
April 1x 1x              

* Period in which freshly harvested potatoes are (partially) processed instead of stored potatoes. 
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Table S2: 5 
Average concentrations with their standard deviation of the physicochemical composition of blanching water coming from 6 
BL3- and BLS-type blanchers. 7 

 BL3 (n=3) BLS (n=12) 
pH 5.28 ± 0.12 6.01 ± .44 
Viscosity (Pa.s) 1 ± 0 1 ± 0 
Conductivity (mS/cm) 4.97 ± 0.20 4.85 ± 1.68 
Turbidity (NTU) 342 ± 172 968 ± 892 
BOD (mg O2/L) 3968 ± 576 6213 ± 4174 
COD (mg O2/L) 7622 ± 669 10258 ± 6986 
Nitrates (mg NO3--N/L) 1.13 ± 0.13 6.82 ± 7.65 
Orthophosphate (mg PO43--P/L) 56.2 ± 20.1 45.2 ± 24.4 
Total phosphorus (mg P/L) nd. * 111 ± 63 
Chlorides (mg Cl-/L) 307 ± 130 414 ± 172 
Dry matter (m%) 0.97 ± 0.09 1.23 ± 0.83 
Ash (m%) 0.31 ± 0.01 0.31 ± 0.15 
Hardness (mmol CaCO3/l) 3.4 ± 0.2 4.9 ± 1.5 
Kjeldahl nitrogen (m/V%) 0.056 ± 0.011 0.056 ± 0.033 
Glucose (g/L) 0.121 ± 0.107 0.379 ± 0.508 
Starch (g/L) 0.36 ± 0.32 1.48 ± 1.10 
K (mg/L) 1560 ± 87 14132 ± 594 
Ca (mg/L) 32.8 ± 4.0 96.8 ± 32.6 
Na (mg/L) 5.1 ± 4.6 37.5 ± 49.2 
Mg (mg/L) 104 ± 30 142 ± 58 
Fe (mg/L) 0.475 ± 0.066 0.723 ± 0.491 
Mn (mg/L) 0.527 ± 0.089 0.384 ± 0.167 
Ni (mg/L) 0.053 ± 0.002 0.049 ± 0.021 
Cd (mg/L) 0.027 ± 0.023 0.058 ± 0.043 
Cr (mg/L) 0.024 ** 0.080 ± 0.037 
B (mg/L) 0.628 ** 0.346 ± 0.423 
Cu (mg/L) 0.354 ** 0.248 ± 0.075 
Pb (mg/L) 0.120 ** 0.099 ± 0.006 
Zn (mg/L) 1.490 ± 0.372 1.432 ± 0.371 
Absorbance at 220 nm 26.7 ± 10.2 38.3 ± 19.2 
Absorbance at 254 nm 13.0 ± 5.3 20.1 ± 10.5 
Absorbance at 310 nm 6.1 ± 2.9 10.8 ± 5.6 
Absorbance at 436 nm 3.00 ± 2.21 6.39 ± 2.9 
Minimal particle diameter (µm) 37.5 ± 57.3 38.9 ± 44.1 
Median particle diameter (µm) 134 ± 23 102 ± 70 
Maximal particle diameter (µm) 503 ± 45 373 ± 274 
D4.2 (µm) 284 ± 50 194 ± 124 
D3.2 (µm) 251 ± 42 172 ± 109 
* nd. = not determined 
** no standard deviation was calculated due to a lack of valid outcomes 
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Table S3: 9 
Rotated principal component matrix as results of the PCA with all the physicochemical parameters except viscosity, BOD, 10 
total phosphorus, hardness and results of the micro-element analysis (potassium, sodium…). 11 

 
Component 

1 2 3 4 5 

pH 0.153 -0.164 -0.712 -0.132 0.421 

Conductivity (mS/cm) 0.504 0.045 0.729 0.390 0.041 

Turbidity (NTU) 0.871 0.020 0.138 0.212 0.234 

COD (mg O2/L) 0.605 0.101 0.292 0.669 0.204 

Nitrates (mg NO3
--N/L) 0.284 0.067 -0.073 0.822 0.200 

Orthophosphate (mg PO4
3—P/L) 0.077 0.000 0.923 -0.101 0.134 

Chlorides (mg Cl-/L) 0.673 -0.134 0.511 0.182 0.287 

Dry matter (m%) 0.660 0.117 0.478 0.382 0.366 

Ash (m%) 0.504 -0.058 0.735 -0.011 0.307 

Kjeldahl nitrogen (m/V%) 0.508 0.067 0.530 0.592 0.045 

Glucose (g/L) 0.254 0.148 0.175 0.227 0.779 

Starch (g/L) 0.490 -0.055 0.025 0.210 0.655 

Absorbance at 220 nm 0.905 0.062 0.137 0.301 0.128 

Absorbance at 254 nm 0.936 0.025 0.135 0.220 0.073 

Absorbance at 310 nm 0.973 0.000 0.066 0.114 0.095 

Absorbance at 436 nm 0.952 -0.032 0.034 0.032 0.104 

Minimal particle diameter (µm) -0.178 0.643 -0.201 -0.102 0.390 

Median particle diameter (µm) -0.020 0.932 -0.044 -0.042 0.022 

Maximal particle diameter (µm) 0.064 0.965 0.036 0.121 0.090 

D4.2 (µm) 0.058 0.925 0.121 0.089 -0.083 

D3.2 (µm) 0.053 0.937 0.113 0.066 -0.079 

 12 
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