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Abstract: 26 

Folates are described to be sensitive to different physical parameters such as heat, light, pH 27 

and leaching. Most studies on folates degradation during processing or cooking treatments 28 

were carried out on model solutions or vegetables only with thermal treatments. 29 

Our aim was to identify which steps were involved in folates loss in industrial processing 30 

chains, and which mechanisms were underlying these losses. For this, folates contents were 31 

monitored along an industrial canning chain of green beans and along an industrial freezing 32 

chain of spinach.  33 

Folates contents decreased significantly by 25 % during the washing step for spinach in the 34 

freezing process, and by 30 % in the green beans canning process after sterilization, with 20 35 

% of the initial amount being transferred into the covering liquid. The main mechanism 36 

involved in folate loss during both canning green beans and freezing spinach was leaching. 37 

Limiting contact between vegetables and water or using steaming seems to be an adequate 38 

measure to limit folates losses during processing. 39 

 40 

Keywords: Vitamin, blanching, heating, freezing, leaching, sterilization, green beans, 41 

spinach.42 
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1. Introduction 43 

Folate is the generic term for different derivatives of the pterin molecule such as folic acid 44 

(PteGlu), 5-methyltetrahydrofolic acid (5-CH3-H4folate), 5-formyltetrahydrofolic acid 45 

(5-HCO-H4folate), 10-formylfolic acid (10-HCO-PteGlu), tetrahydrofolate (H4folate), 46 

5,10-methenyltetrahydrofolic acid (5,10-CH+-H4folate) and 10-formyldihydrofolic acid 47 

(10-HCO-H2folate). They are important vitamins, necessary for preventing of neural tube 48 

defects with a risk reduction from 58 % (Laurence, James, Miller, Tennant & Campbell, 49 

1981) to 100 % (Czeizel & Dudás, 1992). They can also be involved in the protection against 50 

the development of cardiovascular (Robinson, 2000) and neurodegenerative diseases 51 

(Snowdon, Tully, Smith, Riley & Markesbery, 2000).  52 

Recommended daily intakes in the USA are 400 µg per day for both men and women and 600 53 

µg per day for pregnant women (USDA). In France, authorities recommend a folate intake of 54 

330 µg per day for men and 300 µg per day for women with an increase to 1 mg per day for 55 

pregnant women (ANSES).  56 

INCA 1 and 2 studies report that in France there is a gap between the real and the 57 

recommended intake of around 20 % for women and 15 % for men and that vegetables 58 

contribute significantly to this folate intake (40 %) (Lafay, 2009). Evolution of life styles 59 

means that most fruits and vegetables, particularly green vegetables, are consumed as 60 

processed products such as cans or frozen products. Therefore, there is a need to better 61 

understand folate losses during industrial processing so as to be able to alleviate this loss in 62 

process optimization. This motivated our study in folate losses along two representative 63 

industrial chains, i.e. canning for green beans and freezing for spinach.  64 

Green beans and spinach were chosen for their high folate content and high share of processed 65 

products in their consumption. Moreover, industrial canning and freezing chains were studied 66 

because they combine processing steps frequently found for fruits and vegetables such as 67 
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washing and blanching, but with different intensities of heat treatments, such as blanching and 68 

sterilization.   69 

Relatively little is known about the fate of folate during fruits and vegetables processing. 70 

On the one hand, folate degradation during heat treatments was studied on model solutions. 71 

Chen in 1979 showed that heating 5-CH3-H4folate in aqueous solution at 100 °C during 60 72 

min involve a loss of 90 %, while heating at 78 °C involve a loss of 50 % under the same 73 

conditions (Chen & Cooper, 1979). Chen determined that the rate of 5-CH3-H4folate 74 

destruction is temperature dependant conforming to the Arrhenius equation (Chen et al., 75 

1979) with an activation energy of 9.5 kcal/mol. Paine-Wilson and Chen (1979) showed that 76 

pH has a profound influence on the thermal stability of folate, with optimal stability in neutral 77 

conditions. For 5-CH3-H4folate, t1/2 is 8.77 min at pH 7 but t1/2 is 3.35 min and 3.45 min at pH 78 

4 and 10, respectively (Paine-Wilson & Chen, 1979). Indrawati determined the degradation 79 

rate constant k for 5-CH3-H4folate in citrate-phosphate buffer (pH4) at 115.08 x 10-3 min-1 and 80 

in phosphate buffer (pH 7) at 68.31 x 10-3 min-1 (Indrawati, Arroqui, Messagie, Nguyen, Van 81 

Loey & Hendrickx, 2004). Folates appear to be quite vulnerable to heat, especially in slightly 82 

acidic conditions.  83 

On the other hand, there are some studies on folate losses in vegetables during cooking, 84 

blanching or freezing. McKillop in 2002 determined that spinach blanching for 3.5 min 85 

involves a folate loss of 51 % (McKillop et al., 2002). Holasova et al. obtained similar results 86 

with a percentage of retention of around 40 % after 12 min boiling (Holasova, Vlasta & 87 

Slavomira, 2008). De Souza in 1986, studying the impact of different treatments such as 88 

blanching and freezing on folate loss in spinach, showed 17 % of retention after blanching at 89 

100 °C for 4 min. De Souza also reported that canning involved a folate decrease of 50 % in 90 

the vegetable and determined the folate amount in canning medium as 0.34 mg/kg of fresh 91 
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weight. Folate content in frozen spinach decreased after 3 months by 72 % (DeSouza & 92 

Eitenmiller, 1986). 93 

These losses actually appear even higher than what can be explained by thermal degradation 94 

alone. Therefore, leaching as additional mechanism for folate loss in vegetable was mentioned 95 

(Scott, Rébeillé & Fletcher, 2000). Unfortunately, most of studies were carried out at 96 

laboratory scale, taking into account only single processing steps. 97 

Our aim was to measure folate loss after each step of green beans canning and spinach 98 

freezing, under industrial conditions, and to identify which are the underlying mechanisms. 99 

To that end, green beans and spinach were sampled along the corresponding industrial chain 100 

at different steps of the process, and analyzed for their total folate content and folate 101 

distribution.  102 

103 
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2. Materials and methods 104 

2.1 Chemicals 105 

The following chemicals were obtained commercially from suppliers given in parentheses: 106 

Ascorbic acid, sodium borohydride, Tris buffer, formaldehyde 37 %, DL-Dithiothreitol, acetic 107 

acid, formic acid (Sigma-Aldrich, France); Sodium hydroxide, trifluoroacetic acid (VWR, 108 

France); 2-octanol, hydrochloric acid 37 % (Merck, France); Acetonitrile (Fischer Scientific, 109 

France); Chicken pancreas (Patricell Ltd., London, UK); Folate Binding Protein (Scripps 110 

labs., San Diego, CA, USA). 111 

MES Hydrate (Sigma-Aldrich, Germany); Ascorbic acid (VWR, Germany); β-112 

mercaptoethanol, sodium acetate, hexane, methanol, acetonitrile (Merck, Germany); Chicken 113 

pancreas (Difco labs., Detroit, MI, USA), rat serum (Biozol, Germany). 114 

 5-CH3-H4folate, 5-HCO-H4folate, 10-HCO-PteGlu, H4folate, PteGlu (Schircks laboratories, 115 

Jona, Switzerland).  116 

5-CH3-H4folate diglutamate was obtained from reduction of Pteroyl-γ-diglutamate (Schircks 117 

laboratories, Jona, Switzerland) according to Ndaw, Bergaentzlé, Aoudé-Werner, Lahély & 118 

Hasselmann (2001). 119 

Labelled standards ([2H4]-5-CH3-H4folate, [2H4]-5-HCO-H4folate, [2H4]-10-HCO-PteGlu, 120 

[2H4]-H4folate, [2H4]-PteGlu), were synthetized as reported by Freisleben et al. (2003a). 121 

 122 

2.2. Plant material  123 

2.2.1. Spinach sampling  124 

Spinach sampling along an industrial freezing chain was carried out in October 2010 in 125 

Bonduelle’s factory in Péronne (North of France). Spinach was processed as follows and as 126 

described in Figure 1.  127 
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Upon arrival at the factory, spinach leaves were first washed during 1 to 3 min at 15 to 25 °C 128 

by immersion into water. Spinach leaves were then blanched by aspersion of water during 70 129 

s to 120 s at 90 to 95 °C, and directly cooled by aspersion of water during 2 to 5 min. Cooling 130 

water temperature was between 15 to 25 °C. Spinach leaves were then carried out to the 131 

forming step to be transformed into frozen quoits during 30 to 60 min at a temperature 132 

between -30 to -18 °C.   133 

Spinach sampling was performed:  134 

 -  Upon arrival at the factory: raw spinach leaves were collected and called “Raw 135 

material”;  136 

 - Before and after the washing step called “Before washing” and “After washing” 137 

respectively; 138 

 - After the coupled blanching and cooling step, samples were called “After 139 

blanching”;  140 

 - At the end of the processing chain, after the freezing and samples were called “Final 141 

product”; 142 

Three batches of spinach leaves were followed along the freezing chain (each batch being one 143 

truckload of about 25 tons). At each sampling point, three samples were collected for each 144 

batch and directly stabilized in liquid nitrogen, except for “Final product”.  145 

Samples were ground in liquid nitrogen and stored at -80 °C until analysis. 146 

All three batches of spinach were from the same cultivar: Spinacea oleracea cv. Dolphin, but 147 

from different producers. 148 

 149 

2.2.2. Green beans sampling  150 

Sampling of green beans was separated into two parts: the first one was dedicated to the 151 

evaluation of the impact of each step of the process on folates contents. With this first 152 



8 
 

sampling (2 cultivars, 5 lots), the green beans were followed along the industrial chain (Figure 153 

2). The second sampling was totally independent from the first one. It aimed at evaluating the 154 

dispersion of folates contents in different raw materials (5 cultivars, 11 batches) and final 155 

products (4 cultivars, 9 batches) during the harvest and production period for the canned 156 

green beans, independently from the impact of individual process steps. 157 

 158 

2.2.2.1. Sampling on canning chain to evaluate the impact of each step of the process 159 

Green beans sampling along the canning chain was performed at Bonduelle’s factory in 160 

Renescure (North of France), on two consecutive days, in August 2010. The process is 161 

described in Figure 2.  162 

Upon arrival at the factory, green beans were washed in water during 30 s to 1 min and 163 

trimmed for 20 min to 1 h at room temperature. Then, green beans were blanched either by 164 

aspersion of water or by immersion into a water bath during 4 to 8 min. The temperature of 165 

the blanching water used was from 85 to 95 °C. Green beans were then quickly cooled by 166 

aspersion of water for both blanching modes, during a maximal time of 1 min from 85 °C to 167 

30 °C. Green beans were put into cans and covering liquid composed of water and sodium 168 

chloride was added. Cans of green beans were crimped and sent to sterilization for 6 to 15 169 

min at a temperature from 125 to 130 °C depending on the sterilization mode used. Finally, 170 

cans of green beans were cooled.  171 

Green beans were sampled along the canning chain as follows (except for sample E due to 172 

arrival time): 173 

 - At their arrival at the factory: samples were called “Raw material”; 174 

 - Before and after the blanching step, samples were respectively called “Before 175 

blanching” and “After blanching”; 176 
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 - Before adding the covering liquid in cans, samples were called “Before adding 177 

covering liquid” (The lay out of the plant was such that only two batches could be sampled at 178 

this point); 179 

 - The “Final product”, sampled immediately after processing, separated in green beans 180 

and covering liquid by sieving; 181 

Sampling of green beans along the canning chain was performed for 5 batches, each in 182 

triplicate for each sampling point. Green beans were from two different cultivars: Phaseolus 183 

vulgaris cv. Livorno (1 batch) or Phaseolus vulgaris cv. Proton (4 batches), from different 184 

producers. Each batch was one truckload of about 20 tons. All samples were directly 185 

stabilized by freezing in liquid nitrogen, ground in liquid nitrogen and stored at -80 °C until 186 

analysis.  187 

The process conditions were much more varied for green beans than for spinach. Green beans 188 

were either cut (for 3 out of 5 batches) or not cut at the trimming step. The size of cans 189 

differed with 3 sizes, 850 g net weight corresponding to cans 4/4 (2 batches), 425 g 190 

corresponding to cans 1/2 (1 batch) and 212 g corresponding to cans 1/4 (2 batches). 191 

 192 

2.2.2.2. Sampling to evaluate the variability of folates concentration in raw materials and 193 
final products 194 
 195 

Green beans sampling for the evaluation of folate variability was performed at Bonduelle’s 196 

factory in Renescure (North of France), over two weeks, from the end of August 2010 to the 197 

beginning of September 2010. This sampling was performed to evaluate the dispersion of 198 

folates concentrations in several raw materials and several final products, according to the 199 

cultivars and producers. In a general manner, raw materials and final products were 200 

independent, except for two batches for which the final product corresponds to the raw 201 

material (cv. Samoa, batches n° 1816 and 1874). 202 
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 Raw materials 203 

Eleven raw materials were sampled, including five cultivars (Samoa, Xantos, Porto, Anjou 204 

and Maritime). For each raw material, 3 samples were taken before the beginning of the 205 

process. Green beans were immediately stabilized in liquid nitrogen and then stored at -20 °C 206 

until analysis. 207 

 Final products 208 

Nine final products (cans) were sampled, including four cultivars (Samoa, Xantos, Porto and 209 

Angers). For each final product, three cans were collected at the end of the process, after 210 

sterilisation by immersion. Cans were opened about one month after sterilisation. Green beans 211 

were stabilized in liquid nitrogen and stored at -20 °C until analysis. Covering juice was 212 

frozen and stored at -20 °C until analysis. The size of cans differed with 2 sizes, 850 g net 213 

weight corresponding to cans 4/4 (7 batches) and 425 g corresponding to cans 1/2 (2 batches). 214 

No cans corresponding to cans ¼ (212g) were available in this part of the work. 215 

 216 

2.3. Folate measurement 217 

2.3.1. Measurement of folate by HPLC with fluorimetric detection after precolumn 218 

derivatization 219 

Folate measurement was carried out in principle according to Ndaw et al. (Ndaw, 220 

Bergaentzlé, Aoudé-Werner, Lahély & Hasselmann, 2001). 30 mL of phosphate buffer (0.1 221 

mol/L, pH 7) with 10 mg/mL of ascorbic acid were added to 10 g of green beans or spinach 222 

powder. Then the mixture was boiled during 10 min at 100 °C. After cooling at room 223 

temperature during 15 min, the volume was adjusted in a conical flask to 50 mL; the extract 224 

was then centrifuged for 10 min at 5000 g.  225 

10 mL of the supernatant were recovered, to which 1 mL of chicken pancreas solution at 5 226 

mg/mL was added. Incubation duration was increased to 120 min at 37 °C.  227 
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After incubation, 5 mL of phosphate buffer with 0.4 g/mL of ascorbic acid, 15 mL of Tris 228 

buffer (0.066 mol/L, pH 7.8), 1 mL of 2-octanol and 10 mL of sodium borohydride (120 g/L) 229 

were added. After stirring, solutions were allowed to stand during 10 min. The pH was 230 

adjusted to 7.4 with 5 mol/L acetic acid and 80 µL of formaldehyde 37 % was added. After 231 

stirring, a further 10 mL of sodium borohydride was added and the pH was immediately 232 

decreased to lower than 1 with hydrochloric acid 37 % and the mixture was allowed to stand 233 

for 10 min. The pH value was then adjusted to 5 with 5 mol/L sodium hydroxide and a further 234 

10 mL of sodium borohydride was added. Solution was let stand during 20 min and the 235 

volume was adjusted to 100 mL with Tris buffer (0.066 mol/L, pH 7.8).  236 

Folate purification was carried out by affinity chromatography with Folate Binding Protein. 237 

Column conditioning was done by percolating 5 mL of phosphate buffer (0.1 mol/L, pH 7). 238 

10 mL of sample (filtered beforehand with Millex-AA; 0.80 µm; 25 mm (Millipore, France)) 239 

were poured on the column. The column was washed with 10 mL of phosphate buffer (0.025 240 

mol/L, pH 7). Folates were eluted by percolating 8 mL of a solution of DL-Dithiothreitol 241 

(0.02 mol/L) and trifluoroacetic acid (0.02 mol/L) through the column into a conical flask 242 

containing 200 µL of a 250 mg/mL ascorbic acid solution and 40 µL of NaOH (0.6 g/L). 243 

Volume was adjusted to 10 mL with the eluting solution.  244 

Folate analysis was carried out on a HPLC equipped with fluorimetric detection (RF-10AXL, 245 

Shimadzu inc., Kyoto, Japan). Fluorimetric detection was recorded at an excitation 246 

wavelength of 295 nm and an emission wavelength of 356 nm. A LiChrospher 100RP-247 

18 (250 x 4.5 mm; 5 µm, Altech, France) equipped with a guard column LiChrospher RP-18 248 

All Guard (7.5 x 4.6 mm; 5 µm, Altech, France) was used. The mobile phase used was a 249 

mixture of water with formic acid (10 mL/L) and acetonitrile HPLC grade. The elution 250 

gradient started at 5 % of acetonitrile, increased linearly to 100 % in 25 min, then 100 % of 251 

acetonitrile for 10 min followed by linear decrease to 5 % in 10 min and equilibration for 10 252 
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min. The flow rate of the mobile phase was 0.8 mL/min and the injection volume was 100 µL 253 

(Rychlik, 2004). Folate quantification was based on an external calibration against 254 

5-CH3-H4folate monoglutamate and 5-CH3-H4folate diglutamate. Calibration curves were 255 

from 1.10-9 mol/L to 6.10-8 mol/L for 5-CH3-H4folate monoglutamate (r² = 0.996) and from 256 

5.10-9 mol/L to 1.10-7 mol/L for 5-CH3-H4folate diglutamate (r² = 0.999). 257 

Our method for folate quantification was confirmed by comparison with the authors of Ndaw 258 

et al. (2001) from Aérial (Illkirch, France). For this, both laboratories determined folates 259 

content in the same sample: green beans raw material of the batch B.  260 

 261 

2.3.2. Folate determination by stable isotope dilution assay 262 

10 mL of MES buffer (42.65 g/L MES hydrate, 20 g/L ascorbic acid, 13.95 mL/L 263 

β-mercaptoethanol, pH 5) was added to 1 g of ground samples (spinach and green beans) or to 264 

2 g for green beans “Final products”. The mix of internal standards containing 265 

[2H4]-5-CH3-H4folate, [2H4]-5-HCO-H4folate, [2H4]-10-HCO-PteGlu and [2H4]-H4folate and 266 

[2H4]-PteGlu was added.  267 

Samples were stirred for 15 min and boiled for 10 min at 100 °C . After cooling on ice for 10 268 

min, 2 mL of chicken pancreas (0.16 mg/mL) and 150 µL of rat serum were added and 269 

incubated overnight at 37 °C in a shaking bath.   270 

After deconjugase treatment, samples were heated for 10 min at 100 °C, cooled afterwards on 271 

ice and were centrifuged at 3000 g during 20 min at 4 °C. Purification of folates was 272 

performed on SPE SAX cartridges 500 mg / 3 mL; 55 µm; 70 Å (Phenomenex, Germany). 273 

Cartridges were conditioned with 2 volumes of hexane, 2 volumes of methanol and 2 volumes 274 

of phosphate buffer (pH 7, 0.01 mol/L) with β-mercaptoethanol (2 mL/L). Then the 275 

supernatants of the samples were applied on the cartridges, washed with 3 bed volumes of 276 

phosphate buffer with β-mercaptoethanol and run dry. Folates were eluted with 2 mL of 277 
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elution buffer, composed of 50 g/L NaCl, 13.6 g/L sodium acetate, 10 g/L ascorbic acid and 278 

13.9 mL/L β-mercaptoethanol. Eluate was filtered on 0.22 µm PVDF filters (VWR, Germany) 279 

for HPLC analysis.  280 

Folate analysis was carried out on an HPLC (Shimadzu inc., Kyoto, Japan) coupled with a 281 

triple quadrupole mass spectrometer (API 4000 Q-Trap, AB-Sciex, Foster City, CA, USA). A 282 

column Hyper Clone BDS C18 130 Å (150 x 3.2 mm; 3 µm, Phenomenex, Germany) was 283 

used. The mobile phase consisted of variable mixtures of 10 mL/L aqueous acetic acid (eluent 284 

A) and acetonitrile HPLC grade (eluent B) acidified with 10 mL/L of acetic acid, at a flow 285 

rate of 0.2 mL/min. Gradient elution started at 2 % of eluent B for 2 min, and then increased 286 

to 10 % B in 5 min. The gradient was held at 10 % B for 3 min and increased linearly to 15 % 287 

B in 8 min and to 100 % B in another 2 min. The composition stayed constant for 1 minute 288 

before being reduced to 2 % B in 2 min. Finally, the gradient was held at 2 % B for 9 min. 289 

The injection volume was 10 µL. 290 

During the first 5 min and the last 9 min of the gradient program, the column effluent was 291 

diverted to the waste reservoir. The spectrometer was operated in the positive electrospray 292 

ionization mode using Multiple Reaction Monitoring (MRM). Ionization voltage was set to 293 

5500 V, nebulizer gas pressure was 75 Psi, auxiliary gas pressure 75 Psi and the curtain gas 294 

pressure 10 Psi. The temperature of the heater was set to 550 °C. Further compound 295 

dependent conditions are presented in Table 1. 296 

The concentration of the single vitamers cfolate in the food samples was calculated via the 297 

known concentration of labelled folates cISTD using the response factors (RF) reported 298 

recently (Ringling & Rychlik 2012).  299 

ISTD

ISTDfolate
folate AreaRF

cArea
c




   (1) 300 
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The concentration of the internal standards was calculated via a standard mixture of the 301 

internal standards and the unlabeled standards, the concentration of which was determined 302 

photometrically (Mönch and Rychlik 2012). 303 

 304 

2.4. Statistical analysis 305 

Results are presented as mean from analytical triplicate, and the reproducibility of the results 306 

is expressed as pooled standard deviation values (Pooled SD) for total folate content in 307 

spinach. Pooled standard deviations were calculated as the square roots of the sum of 308 

variances of replicates pondered by the degrees of freedom, according to Taylor (Taylor, 309 

1987).  310 

Results are presented as mean from triplicate and the reproducibility is expressed as standard 311 

deviation for total folate content in green beans. Pooled standards deviations were not used in 312 

this case because the industrial chains for green beans were not perfect replicates, in contrast 313 

to spinach. 314 

Student T-tests were performed using biochemical (for spinach and green beans) replicates. 315 

The first one consists in mean comparison for 3 batches of 3 data x 5 treatments from fresh 316 

products (Raw material, Before washing, After washing, After blanching, Final product). The 317 

second one consists in mean comparison for 5 batches of 3 data x 5 treatments from fresh 318 

products (Raw material, Before blanching, After blanching, Before adding covering liquid, 319 

Final product). T-test was carried out to highlight significant differences between conditions 320 

of samples preparation using the XLSTAT data analysis toolbox. A p-value < 0.05 was 321 

considered as significant.  322 

323 
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3. Results  324 

Industrials chains for both spinach and green beans had some common steps. In both, a 325 

washing step precedes a blanching step. However, times used for washing and blanching are 326 

different for the two industrial chains. Washing time for spinach is 1 to 3 min and 30 to 60 s 327 

for green beans with a similar mode of washing (aspersion at 15 to 25 °C). Blanching mode is 328 

different for spinach (only aspersion) and for green beans (aspersion or immersion) with times 329 

and temperatures also being different, from 90 to 95 °C during 70 s to 120 s for spinach and 330 

from 85 to 95 °C during 4 to 8 min for green beans. Industrial chains also present specific 331 

steps such as freezing during 30 to 60 min from -30 °C to -18 °C for spinach and sterilization 332 

during 6 to 15 min from 125 °C to 130 °C for green beans.  333 

   334 

3.1. Total folate concentrations in raw and processed vegetables. 335 

All concentrations are expressed relative to fresh weight as this was most directly related to 336 

portions. In addition, dry matter content of vegetables varied throughout the processing due to 337 

dual mechanisms of water intake and loss of soluble solids, mechanisms which can not be 338 

quantified independently in a continuous industrial process.  339 

Dispersion of total folate contents, in raw green beans and final products (vegetables and 340 

covering liquid) during the 2010 season, determined by HPLC with fluorimetric detection 341 

after precolumn derivatization, is presented in Figure 3. Average folate concentrations were 342 

0.69 mg/kg fw (5.75 mg/kg dw) in raw vegetables and 0.39 mg/kg fw (3.75 mg/kg dw) in 343 

final product. Average concentrations in covering liquid were 0.40 mg/kg fw. Industrial 344 

processing involved folates losses which is in agreement with green beans sampled along the 345 

industrial canning chain, where average folate concentration was 0.52 mg/kg in raw 346 

vegetables corresponding to 5.5 mg/kg dw (in the range observed for the 2010 season), while 347 
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average concentrations after canning were 0.36 mg/kg fw (4.25 mg/kg dm), and only 0.16 348 

mg/L in the covering liquid (Table 3). 349 

Average folate concentrations were 1.49 mg/kg fresh weight (fw) in raw spinach 350 

corresponding to 18.3 mg/kg dry weight (dw) and folate content decreased to 0.91 mg/kg fw 351 

in frozen spinach (10.8 mg/kg dw) (Table 2).  352 

Industrial processing involved a decrease of total folate concentration of 38 % for spinach and 353 

30 % for green beans. 354 

 355 

3.2. Impact of individual processing steps on total folate content. 356 

Total folate contents for individual processing steps, determined by HPLC with fluorimetric 357 

detection after precolumn derivatization, are presented in Table 2 for spinach and in Table 3 358 

for green beans. 359 

Average folate concentrations in green beans were 0.56 mg/kg fw (6.0 mg/kg dw) and 0.58 360 

mg/kg fw (5.9 mg/kg dw), before and after blanching respectively. For spinach, average 361 

concentrations were 1.09 mg/kg of fw (18 mg/kg dw) before blanching and 0.96 mg/kg fw 362 

(15 mg/kg dw) after blanching. Mass yields observed during the process, between the input 363 

and the output at the blanching step is between 96 to 99 % for green beans and between 70 to 364 

97 % for spinach. There is therefore no water uptake by plants during blanching. Blanching 365 

had no statistically significant effect for either spinach or green beans. 366 

For spinach, folate content was 1.45 mg/kg fw before the washing step and 1.09 mg/kg fw 367 

after the washing step. This represents a significant folate decrease of 25 % during the 368 

washing step. At the same time, dry matter decreased from 0.085 to 0.059 g/g, i.e. by 30 %: 369 

the decrease in concentration of folate appeared concomitant with the loss and / or dilution of 370 

other soluble molecules. In the green beans canning process, the washing step had no 371 

significant effect on folate content in green beans: the averages before and after washing 372 



17 
 

(which correspond to raw material and before blanching sampling points) were 0.52 and 0.56 373 

mg/kg fw respectively, corresponding to 5.53 and 6.04 mg/kg dw.  374 

The freezing step brought no statistically significant decrease in folate concentration for 375 

spinach (from 0.96 mg/kg fw before freezing to 0.91 mg/kg fw after freezing). Though neither 376 

blanching nor freezing had a statistically significant effect, taken individually, there was a 377 

statistically significant decrease (15 %) of folate concentration between the washed raw 378 

spinach and the frozen quoits.  379 

For green beans, a statistically significant decrease occurred after sterilization: average 380 

concentrations before and after this step, were 0.57 and 0.37 mg/kg fw. At the same time dry 381 

matter decreased from 0.098 to 0.087 g/g, so that concentrations relative to dry matter only 382 

decreased from 5.61 to 4.25 mg/kg. Folate average concentration in covering liquid was 0.16 383 

mg/L. Concentration in covering liquid was 0.117 mg/L in small cans (212 g net weight; size 384 

1/4) and 0.223 mg/L in large cans (850 g net weight; size 4/4). The amounts of folates present 385 

in a can, as calculated by adding up those present in the green beans and those present in the 386 

covering liquid, were related to the weight of vegetables: the can contained the equivalent of 387 

90 % of the concentration of folates in the raw green beans.   388 

 389 

3.3. Distribution of individual folate derivatives.  390 

The proportions of folates derivatives determined by stable isotope dilution assay are 391 

presented in Figure 4 for spinach and Figure 5 for green beans.  392 

The main vitamer present in spinach and green beans both in raw material and final product 393 

was 5-CH3-H4folate. The proportion of 5-CH3-H4folate was higher in green beans than in 394 

spinach. During processing, 5-CH3-H4folate behaved similarly for green beans and spinach, 395 

its proportion actually increased by 40% for spinach and 20 % for green beans.  396 
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Formyl folate derivatives (5-HCO-H4folate and 10-HCO-PteGlu) were the second most 397 

abundant class in spinach and green beans. The proportion of 5-HCO-H4folate was higher in 398 

spinach. The proportion of this derivative decreased more along the processing chain in 399 

spinach (from 30 to 13 %) than in green beans (from 10 to 7 %) and the main step at which a 400 

decrease of 5-HCO-H4folate occurred was blanching both for green beans and spinach. Along 401 

the processing chain, 10-HCO-PteGlu represented 16 % of folates in raw green beans and 11 402 

% in raw spinach, but only 7 % and 5 % in the final products. The step involving the highest 403 

decrease differed between the two vegetables with a major decrease during blanching for 404 

green beans (from 16 to 6 %) and during the waiting time of spinach from fresh product to the 405 

washing step (from 11 to 5 %).  406 

The four last abundant vitamers in spinach and green beans were PteGlu, H4folate, 407 

5,10-CH+-H4folate and 10-HCO-H2folate. PteGlu, H4folate, 5,10-CH+-H4folate had a 408 

contrasted behaviour between the vegetables: after processing their proportion decreased in 409 

green beans but increased in spinach, while 10-HCO-H2folate decreased for both. 410 

411 
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4. Discussion 412 

Generally, folates are described to be sensitive to heat, oxidation and leaching (Scott et al., 413 

2000). Some of those studies have described folate losses after different treatments such as 414 

blanching or heating of vegetables or model solutions (Chen et al., 1979; Dang, Arcot & 415 

Shrestha, 2000; McKillop et al., 2002; Paine-Wilson et al., 1979; Scott et al., 2000). We 416 

intended to quantify and qualify folate losses for each step of industrial chain to understand 417 

and adapt process parameters (temperature and time) to limit folate losses.  418 

Because industrial chains are continuous operations, it was not possible to carry out precise 419 

mass balances; all results are therefore discussed in terms of concentrations related to the 420 

fresh weight of vegetables. This was deemed the most relevant for nutritional purposes. 421 

 422 

4.1. Total folate content. 423 

Folate contents in fresh spinach and fresh green beans were in accordance with data from the 424 

literature. In 1993, Müller measured a folate concentration in fresh spinach of 1.49 mg/kg 425 

(Müller, 1993) and other studies such as those of Konings, Roomans, Dorant, Goldbohm, 426 

Saris & van den Brandt (2001) and Rychlik (2004) found a folate concentration in fresh 427 

spinach of 1 mg/kg and from 0.96 to 1.59 mg/kg of fw respectively. For green beans, Melse-428 

Boonstra et al. (2002) found a concentration of total folate corresponding to 0.38 mg/kg. 429 

Those data are completed by those of Selman (1994) who found a folate content in fresh 430 

green beans of 0.8 mg/kg. Folate concentration is higher in spinach than in green beans and 431 

this is well described in literature as well as in food composition tables.  432 

Processing impacts on folate concentration either for spinach or for green beans were 433 

characterized by a significant decrease of 38 % and 30 % respectively. Previous studies 434 

measuring folate in frozen spinach and canned green beans show similar results (Rychlik, 435 
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2004; Scott et al., 2000). Some studies measured the percentage of folate loss after processing 436 

but did not identify which step of industrial processing impacted on folate loss.  437 

Blanching did not impact folate loss neither for green beans nor for spinach. Cooper in 1973 438 

reported a folate loss of 33 % after blanching spinach during 3 min at 100 °C (Cooper, Chen  439 

& King 1973). However, we did not observe such a loss in our study with a blanching during 440 

70 to 120 s at 90 to 95 °C. This could be explained by the blanching time used and the 441 

blanching parameters which could differ between laboratories and industrial conditions. Heat 442 

degradation during blanching did not seem to be the main mechanism of folate loss during 443 

processing. Although, folates are presented as heat sensitive molecules, the short duration or 444 

physico-chemical conditions in industrial blanching did not lead to major folate loss.  445 

The washing mode used for both vegetables was immersion into water at room temperature 446 

(15 °C to 25 °C) but duration was different, 1 to 3 min for spinach and 0.5 to 1 min for green 447 

beans. Scott in his review suggested that, due to their solubility, a large effect of processing 448 

may also occur simply by leaching of folates into surrounding water used for washing (Scott 449 

et al., 2000). In agreement with this hypothesis a significant decrease of folate concentration 450 

in spinach was observed during the washing step. However, the washing step did not have any 451 

significant effect on folate content in green beans. This different behaviour could be explained 452 

by the area ratio between surface and volume which is higher for spinach than for green 453 

beans. This could allow a higher leaching of folate from spinach to water than for green 454 

beans. Moreover, the nature of spinach and green beans tissue is different and could be 455 

involved in the phenomenon of folate diffusion. 456 

Folate concentrations in covering liquid in the cans just after production were significant but 457 

variable. In the cans sampled after months, similar folate concentrations were found in the 458 

green beans and in the covering liquid, as already observed by Delchier, Reich & Renard, 459 

(2012). A leaching phenomenon occurred after sterilization, from green beans to covering 460 
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liquid, which continued during storage to reach equilibrium. The variable concentrations 461 

recorded here just after processing might be linked to the size of the cans: smaller cans reach 462 

temperature equilibrium faster. They therefore require shorter heating and cooling durations. 463 

These shorter durations do not allow as much time for migration of the folate from the beans 464 

to the liquid. 465 

When calculating back the amount of folates found in the cans (i.e. both in green beans and 466 

covering liquid), the net decrease in concentration was of about 10 %. This represents the loss 467 

due to chemical reactions. At the same time, concentration had decreased by 30 % in the 468 

green beans and can be expected to further decrease as folate became equilibrated between 469 

green beans and covering liquid during storage. The main loss of folate during processing 470 

thus appeared to be due to migration of these molecules from the vegetables to washing, 471 

blanching or covering liquids. 472 

 473 

4.2. Proportion of folates derivatives. 474 

Most of studies concerning folate loss during vegetables processing or home cooking 475 

treatments present their results as total folate contents (e.g. PteGlu or 5-CH3-H4folate). In this 476 

study we determined the proportion of some derivatives for each processing step either for 477 

green beans or for spinach.   478 

As mentioned by Scott et al. (2000), the main derivative both in spinach and green beans was 479 

5-CH3-H4folate. This is confirmed by Freisleben, Schieberle & Rychlik  (2003b) for spinach, 480 

who found that 5-CH3-H4folate represent around 75 % of total folate and Rychlik et al. 481 

(2007), who found that the major compound in green beans is 5-CH3-H4folate (Rychlik, 482 

Englert, Kapfer & Kirchhoff, 2007). This derivative was little affected by the process both in 483 

spinach and green beans. Gutzeit (2008) showed that preparation of juice and juice 484 

concentrate from sea buckthorn berries had no impact on the 5-CH3-H4folate content (Gutzeit, 485 
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Mönch, Jerz, Winterhalter & Rychlik, 2008). 5-CH3-H4folate thus appears to be relatively 486 

resistant to fruit and vegetable processing. 487 

Formyl derivatives were the second abundant class of folate derivatives in both spinach and 488 

green beans where they were mostly represented by 10-HCO-PteGlu and 5-HCO-H4folate. 489 

The proportion of 10-HCO-PteGlu decreased in both vegetables and 5-HCO-H4folate 490 

decreased only for spinach. They were thus proportionally less retained than 5-CH3-H4folate. 491 

The decrease of 5-HCO-H4folate and 10-HCO-PteGlu correlated to an increase of PteGlu and 492 

H4folate and could be due to interconversion of those derivatives. The behaviour of minor 493 

compounds such as PteGlu, H4folate and 5,10-CH+-H4folate, was completely different 494 

between spinach, where we could observe an increase in their proportion, and green beans 495 

with a decrease of their proportion.  496 

 497 

498 
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5. Conclusions 499 

Major losses of folate in industrial processing appeared to be linked to leaching (during 500 

washing of spinach and exchange with covering liquid for canned green beans) rather than to 501 

heat degradation. A practical consequence is that limiting direct contact with water can be 502 

advised as a measure to increase folate contents in processed vegetables. We will therefore 503 

pursue this study by determining the diffusion kinetics for folates in green beans and spinach 504 

after tissue disruption by heat treatment. No folate loss occurred during blanching for green 505 

beans, and only limited loss for spinach. 5-CH3-H4folate was the main folate derivative in 506 

both green beans and spinach, and was found to be relatively stable during processing.  507 
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Figures Captions :  633 
 634 
Fig. 1.  635 
 636 
Schematic representation of the different steps of the industrial freezing process of spinach. 637 
Arrows indicate the points at which vegetables were sampled, and the corresponding sample 638 
names.   639 
 640 
Fig.2.  641 
 642 
Schematic representation of the different steps of the industrial canning process of green. 643 
Arrows indicate the points at which vegetables were sampled, and the corresponding sample 644 
names.   645 
 646 
Fig. 3. 647 
 648 
Range and distribution of folate in Raw material, Final product and Covering liquid.  649 
The horizontal lines in the interior of the box are the medium value. The height of the box is 650 
equal to the interquartile distance, indicating the distribution of 50 % of the data. 651 
Approximately 90 % of the data falls inside the whiskers (the dotted lines extending from the 652 
top and bottom of the box). The mean of the data is represented by red cross. The data outside 653 
these whiskers are indicated by empty circles.  654 
 655 
Fig. 4.  656 
 657 
Folate derivative proportions in spinach during the freezing process. 658 
For identification of the sample see Figure 1. 659 
    : 5-CH3-H4folate;     : 5-HCO-H4folate;     : 10-HCO-PteGlu;     : H4folate;     : PteGlu; 660 
    : 5,10-CH+-H4folate;     : 10-HCO-H2folate    661 
Proportion of each folate derivative was obtained by calculating the ratio between the 662 
concentration of the derivative and the sum of the concentrations of all derivatives.  663 
 664 
Fig. 5. 665 
 666 
Folate derivative proportions in green beans during the canning process. 667 
For identification of the sample see Figure 2. 668 
    : 5-CH3-H4folate;     : 5-HCO-H4folate;     : 10-HCO-PteGlu;     : H4folate;     : PteGlu; 669 
    : 5,10-CH+-H4folate;     : 10-HCO-H2folate  670 
Proportion of each folate derivative was obtained by calculating the ratio between the 671 
concentration of the derivative and the sum of the concentrations of all derivatives.  672 
 673 
 674 


