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Abstract

This study aimed to evaluate retention of folate in vegetables caused by different processes used in modern large-scale service systems
and the food industry. The concentration of folates present in raw samples of peas, broccoli and potatoes was measured during different
cooking methods, warm and cold holding and reheating. The main folate forms in vegetables, tetrahydrofolates and 5-methyltetrahy-
drofolates, were analysed using a validated high-performance liquid chromatography (HPLC) method.

This study shows the following decreasing order in folate retention, on DM basis, compared to raw potatoes during heat-processing:
sous-vide (103%), boiling (72–59% (unpeeled and peeled)) and oven-baking (63%) and compared to raw green peas during heat process-
ing: boiling (77%), microwaving (75%), steam boiling (73%) and blanching (71%). However, only blanching of peas, boiling of potatoes
and oven-baking of unpeeled potatoes caused significant reduction. Storage at various temperatures and length of times followed by
reheating caused no further significant losses of total folate.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Naturally occurring folate is present in a wide range of
foods, especially leafy green vegetables, legumes, yeast
and liver (Holland et al., 1991). The Europeans have a high
consumption of bread and potatoes, which together with
green vegetables, are the major contributors of folate from
the diet (Becker, 2000; de Bree, van Dusseldorp, Brouwer,
van het Hof, and Steegers-Theunissen, 1997).

According to the most recent edition of Nordic nutri-
tional recommendations (2004) the daily intake of folate
should be 300 lg for adults and 400 lg for fertile women.
Pregnant and lactating women are advised to consume a
daily intake of 500 lg folate (Becker et al., 2004). Research
on folate intake in the Nordic countries shows that Swedish
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women and men have an overall folate intake of 217 and
232 lg/day respectively (Becker, 1999) whereas a Danish
study shows a mean folate intake of 249 and 304 lg/day,
respectively (Andersen et al., 1996).

Since folate is an unstable nutrient, the amount of folate
available in processed and stored food could be consider-
ably lower than that in raw food. Thus, it is important that
the food industry consider how processing in different food
service systems affects the content of folate in foods. In
large-scale service systems, for example hospitals, knowl-
edge of the content of folate in food can be critical because
of special or increased requirements for many patients.
This must be taken into consideration when calculating
the real total folate intake from food.

Methods of processing used in small- and large-scale ser-
vice systems often include steam-boiling, boiling, oven bak-
ing and microwave cooking. Loss of folate during heat
treatments, such as boiling, blanching and steam boiling
has been shown to be substantial (Hawkes and Villota,
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1989; Selman, 1994), whereas other forms of processing
such as oven baking and microwave cooking have been
found preferable in terms of folate retention (Augustin,
Marousek, Tholen, and Bertelli, 1980). These earlier pub-
lished studies show that losses during processing occur sim-
ply by leaching of folates into surrounding water used for
washing, blanching or cooking. This is also confirmed by
studies that measure both the folate content in the drained
food samples and in the remaining water (juice) after pro-
cessing (Dang, Arcot, and Shrestha, 2000).

Processing technologies used in the food industry, such
as blanching and sous-vide have also been studied. Blanch-
ing of broccoli, spinach and beetroot has been reported to
cause substantial losses of folate and the extent seems to
depend on the time and amount of water used (DeSouza
and Eitenmiller, 1986; Jägerstad, Jastrebova, and Svens-
son, 2004; Puupponen-Pimiä et al., 2003). In contrast,
results from sous-vide processing of broccoli show less
reduction of folate than in methods involving direct con-
tact between the food and water (Petersen, 1993).

There is an increasing consumption of ready-made food,
prepared both domestically and in large-scale service sys-
tems. These pre-cooked foods are often held warm and
reheated when used in large-scale food service systems.
Few studies have been published on losses of folate caused
by warm holding and reheating. However, one study
reported that reheating of seven different cooked vegetables
resulted in less retention of folate after one day of cooled
storage than those held warm after processing (Williams,
Ross, and Miller, 1995). Losses during cooled storage fol-
lowed by microwave reheating of potatoes have also been
reported (Augustin et al., 1980). In contrast, storage of
foods by freezing does not seem to affect the concentration
of folate in spinach, potatoes and broccoli (Phillips et al.,
2005; Puupponen-Pimiä et al., 2003).

This study aimed to provide information on how pro-
cessing could influence the folate content in samples of
broccoli, potatoes and industrial processed peas subjected
to traditional cooking systems (boiling and oven baking)
and minimal processing (microwaving, sous-vide and
steam boiling) under conditions used in modern large-
scale service systems. These vegetables were selected since
they are amongst the major contributors of folate in the
Nordic diet and commonly used in the food industry
and small- and large-scale service systems. An important
aspect was to study folate retention after warm holding,
storage in refrigerator overnight and re-heating of cooked
vegetables, since this is becoming more common and data
on folate stability for these steps are scarce. Folate were
analysed using a validated high-performance liquid chro-
matography (HPLC) method enabling quantification of
different folate forms (Jastrebova, Witthöft, Grahn,
Svensson, and Jägerstad, 2003). This is in contrast to
most studies where data on folates in processed foods
are based on microbiological assays (MA), which do not
discriminate between different folate forms known to vary
in stability.
2. Materials and methods

2.1. Vegetable samples

2.1.1. Processing of peas

Samples of green peas (Pisum sativum) were provided
from Findus ‘‘green pea line’’ in Bjuv, Sweden. Green
pea samples were collected in duplicates at six times: as
raw, after transportation with pumping water, after sorting
to medium sized peas, before and after blanching (98 �C/
2 min), after brine grading, and after freezing (�18 �C).
The cooking procedures (in duplicate) were performed in
the laboratory at the Swedish University of Agricultural
Sciences in Uppsala, Sweden. Frozen, blanched and brine
graded peas (Fig. 1A) from Findus were boiled in a covered
saucepan (120 g in 1 L tap water; 3 min) orsteam-boiled

(120 g in 0.3 L tap water; 4 min). The water in the saucepan
and steamer was boiling prior to the addition of vegetables.
Green peas were also microwaved (120 g in 0.07 L tap
water; 4 min, 750 W). After 2 min, there was a short break
to stir the sample. The peas were further drained and
cooled on ice. After boiling, steam boiling and microwave
cooking the green peas were stored in 4 �C for 24 h before
reheated in a steam-boiler for 3 min. Pea samples were kept
frozen (�20 �C) until folate analysis at the Swedish Univer-
sity of Agricultural Sciences, Uppsala, and dry matter
(DM) determination at AnalyCen, Lidköping, Sweden.

2.1.2. Processing of broccoli

Samples of raw broccoli (Brassica oleracea, L. botrytis
asparagoides, cultivar: Lord) were obtained from a local
vegetable distributor (BAMA, Stavanger, Norway) on the
evening prior to processing of the samples and stored over-
night at 4 �C. For processing, inflorescence and some of the
stem was used for broccoli. All processes, with duplicate
samples, were performed in natural light while cold storage
of samples occurred in rooms without lights.

Raw broccoli was boiled (Fig. 1B) in a covered saucepan
(50 ± 2 g in 1 L tap water; 4 min) or steam-boiled (Fig. 1B)
in a steam oven (50 ± 2 g at 100 �C; 5 min). The water in
the saucepan was boiling prior to the addition of
vegetables.

Samples of boiled and steam-boiled broccoli were cooled

for 1 h at room temperature (20 �C) or held warm on a
heating unit at 60 �C for 2 h (1 h covered to protect from
light) respectively, before cooling for 24 h at 4 �C. All sam-
ples were further reheated in a steam oven for 5 min at
100 �C.

Raw broccoli was also blanched (Fig. 1B) in a saucepan
(50 ± 2 g in 1 L tap water; 5 s) before cooling in ice water
until temperature reaching 4 �C. The water was boiling in
the saucepan prior to addition of vegetables. The samples
of blanched broccoli were stored at �20 �C for 24 h before
reheating in a steam oven for 5 min at 100 �C. Raw samples
of blanched broccoli was sous-vide processed (50 ± 2 g at
90 �C, 99% vacuum; 7 min) (Fig. 1B) before cooling in
ice water until temperature reaching 4 �C.
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Fig. 1. Flow chart of the processes studied. (A) Blanched and frozen green peas, (B) raw broccoli and blanched broccoli and (C) unpeeled and pealed
potatoes.
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Samples of raw and processed (from every stage of pro-
cessing) of broccoli were vacuum-packed and deep-frozen
overnight at �40 �C and further stored at �20 �C until
folate analysis and DM determination.

2.1.3. Processing of peeled potatoes and unpeeled potatoes

Potatoes (Solanum tuberosum, cultivar: Beate) were pur-
chased from BAMA (Stavanger, Norway) and stored at
room temperature during the night prior to processing at
Norconserv AS in Stavanger, Norway. All processes were
performed on duplicate samples and prepared in natural
light while cold storage of samples occurred in rooms with-
out lights.

Raw unpeeled potatoes (135 ± 10 g) and peeled potatoes
(95 ± 10 g) were boiled (Fig. 1C) in covered saucepans con-
taining 1 L tap water. Due to different size, peeled potatoes
and unpeeled potatoes were boiled for 11 and 33 min
respectively to obtain the same core temperature. The
water was boiling in the saucepans prior to addition of
the samples. The unpeeled potatoes (102 ± 7 g) were also
oven-baked (Fig. 1C) at 225 �C for 80 min. Both boiled
and oven-baked potatoes were held warm on a heating unit
at 60 �C for 2 h (including 1 h hour covered to protect from
light) or cooled in 1 h at room temperature (20 �C). There-
after all samples were cooled for 24 h in 4 �C before reheat-

ing in a steam oven for 15 min.
Peeled potatoes (74 ± 2 g) were sous-vide processed

(Fig. 1C) for 35 min (99% vacuum) at 100 �C. Samples of
sous-vide processed potatoes were stored for 14 days at
4 �C before reheating in a steam oven for 15 min.

Samples of raw and processed (from every stage of pro-
cessing) potatoes were vacuum-packed and deep-frozen
overnight at �40 �C and further stored at �20 �C until
folate analysis and DM determination.

2.1.4. Certified reference material CRM 485

A lyophilized mixed vegetable sample, CRM 485, with
certified folate content, was obtained from The Institute
for Reference Materials and Measurements (Geel, Bel-
gium) and stored as vacuum-packed sub-samples (2 g) at
�80 �C until analysis.

2.2. Dry matter

Dry matter of raw and processed peas, broccoli and
potatoes were determined in duplicate at 102–105 �C for
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16–18 h by the accredited laboratory, AnalyCen in Lidkö-
ping, Sweden, according to the NMKL method nr. 23
(NMKL, 1991).

2.3. Folate analysis

2.3.1. Preparation of enzymes, reagents and samples

All reagents were of analytical grade, except acetonitrile
and methanol, which were of HPLC grade. Water was
purified using Milli-Q system (Millipore, USA). All chem-
icals were purchased from Merck (Darmstadt, Germany)
except 2,3-dimercapto-ethanol (BAL) which was obtained
from Sigma-Aldrich (St. Louis, MO, USA).

2.3.2. Folate standards

(6S)-5-CH3-H4folate, sodium salt, (6S)-H4folate, sodium
salt and (6S)-5-HCO-H4folate, sodium salt were donated
by Eprova AG, Schaffhausen, Switzerland. The purity of
the folate standards was checked in phosphate buffer, pH
7.0 according to van den Berg, Finglas, and Bates (1994)
and purities calculated using molar extinction coefficient
reported by Eitenmiller and Landén (1999). The standard
stock solutions, of 200 lg/ml (corrected for purity) were
prepared under subdued light in 0.1 M phosphate buffer
pH 6.1 containing 1% ascorbic acid (AA) and 0.1% 2-
mercaptoethanol (MCE). Aliquots of standard stock solu-
tions were placed in separate tubes, flushed with nitrogen
and stored in �80 �C for maximum 90 days. The calibra-
tion solutions were prepared immediately before use by
dilution of the stock solutions with elution buffer (0.1 M
sodium acetate containing 10% (w/v) sodium chloride,
1% (w/v) ascorbic acid and 0.1% (v/v) BAL).

2.3.3. Enzyme preparation

Thermostable a-amylase solution (E-BLAAM, 3000 U/
ml) was obtained from Megazyme International, Cork, Ire-
land and used for sample pre-treatment of potatoes with-
out additional preparation. Rat serum (RS) (Scanbur
Sollentuna, Sweden) was used as folate conjugase (c-glut-
amyl hydrolase) source. RS was dialysed to remove endog-
enous folates at 4 �C during stirring in three steps (40 min
each) using 800 ml of the 0.05 M phosphate buffer pH 6.1
containing 0.1% MCE in each step as earlier described
(Patring, Jastrebova, Hjortmo, Andlid, and Jägerstad,
2005a). The dialysed RS was stored in small portions
(1 ml) at �80 �C.

2.3.4. Preparation of food samples

All processes of broccoli, peas and potatoes were per-
formed in duplicates, and these samples were all analysed
for their folate content. Samples were protected against
folate oxidation throughout the preparation process by
nitrogen, subdued light and cooling on ice after heating.
The florets were cut from each part of the broccoli head.
The raw potato was cut in small pieces while the processed
potatoes were mashed. The samples (3 g) were homoge-
nized with an Ultra-Turrax T25 homogenizer (IKA, Ger-
many) in freshly prepared extraction buffer: 15 ml of
phosphate buffer, pH 6.1, containing 1% (w/v) AA and
0.1% (v/v) BAL. For CMR 485, 0.3 g was homogenized
in 15 ml in extraction buffer. Homogenates were heated
for 12 min in a boiling water bath and centrifuged
(27,000g, 15 min at 4 �C) before dilution with 25 ml extrac-
tion buffer. For deconjugation of folate polyglutamates to
monoglutamates, RS (100 ll for peas and broccoli samples
and 150 ll for potato samples) was added to 3.2 ml super-
natant and the sample was incubated in a shaking water
bath at 37 �C for 3 h. However, preparation of potato sam-
ples also included treatment with 40 ll a-amylase prior to
the deconjugation step (Johansson, Witthöft, Bruce, and
Jägerstad, 2002) since the recovery of folates from potato
samples was slightly higher after amylase treatment.

For enzyme inactivation, the samples were heated in
boiling water for 5 min and subsequently centrifuged
(12,000g, 8 min at 4 �C). The supernatant were frozen
below �20 �C before sample clean-up.

2.3.5. Sample clean-up

Purification of sample extracts was carried out prior to
HPLC analysis by solid-phase extraction (SPE) on strong
anion exchange (SAX) Isolute cartridges (500 mg, Interna-
tional Sorbent Technology, UK) as described by Nilsson,
Johansson, Yazynina, Strålsjö, and Jastrebova (2004). A
Visiprep SPE vacuum Manifold (Supelco, USA) was used
for elution under reduced pressure. The SAX cartridges
were conditioned with 5 ml methanol and 5 ml water. Sub-
sequently, 2.5 ml of the sample extracts were applied with a
flow rate of 1 drop/s. To remove the matrix interfering
components, the cartridges were rinsed with 5 ml water
before the elution of retained folates was performed with
freshly prepared 0.1 M sodium acetate containing 10%
(w/v) sodium chloride, 1% (w/v) ascorbic acid and 0.1%
(v/v) BAL. The first portion (0.7 ml) of eluate was dis-
carded and the second portion (3.0 ml) was weighed and
collected for HPLC analysis.

2.3.6. HPLC analysis

HPLC analysis was performed according to Jastrebova
et al. (2003) using an AGILENT 1100 system. The folates
were separated on a Zorbax SB C8 column (5 lm,
150 · 4.6 mm) and a matching C8 guard column (5 lm,
12.5 · 4.6 mm). Gradient elution was performed with ace-
tonitrile and 30 mM potassium phosphate buffer, pH 2.3
at a flow rate of 0.4 ml/min.

The injection volume was 20 ll and the temperature was
set to 23 �C and 8 �C in the column compartment and the
autosampler respectively.

The gradient started at 6% (v/v) acetonitrile and was
maintained isocratically for the first 5 min. before it was
increased linearly to 25% within 20 min. The total run time
was 33 min.

The excitation wavelength in the fluorescence detector
was 290 nm whereas the emission wavelength was set to
360 nm. The diode-array detector (DAD) wavelength was
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set to 290 nm. Peaks were identified by retention times. The
identity of individual folate forms was confirmed by com-
parison of ratio sample peaks from fluorescence and
DAD detectors to ratio of standard peaks as well as fluo-
rescence and diode array spectra.

2.3.7. Quantification

Quantification was based on external standard method.
The peak area was plotted against concentration and least-
square regression analysis was used to fit lines to the data.
A multilevel calibration curve was used (n = 7) and the
amount of each folate form was calculated in its free acid
form.

The enzyme preparations contained a small amount of
endogenous 5-CH3-H4folate, and the sample was therefore
corrected by subtraction of the 5-CH3-H4folate concentra-
tions in blank sample.

2.3.8. Recovery tests

Recovery tests were performed by adding known
amounts of H4folate and 5-CH3-H4folate to CRM 485
and pooled pea samples before extraction. The recovery
(R) was calculated as R = (Cfound � Csample)/Cadded, where
Cfound is the concentration in spiked sample, Csample is
the concentration in the sample prior to spiking and Cadded

is the concentration of the added standard.

2.4. Statistical analysis

The results were presented as mean values from dupli-
cates, and the difference between two separate values for
a duplicate was less than 10% for all samples from green
peas and potatoes and less than 15% for all samples from
broccoli. All results are based on both dry (DM) and fresh
weight (FW). Statistical analysis were performed with
Table 1
Mean content of individual and total folate in raw, commercially processed (p

Process DM (g/100 g) Folate content (

H4folateb

Commercially processed peas (1)

Raw 20.8 12.8
Raw, after pumping in water 20.5 11.3
Medium size 20.6 16.4
Medium size, blanched 21.9 11.8
Blanched and brine graded 20.8 11.8

Blanched and brine graded peas processed with methods used in large-scale serv

Frozen, after pumping in water 20.5 3.0
Boiled 18.9 8.5
Boiled, cooled and reheated 20.6 4.9
Steam-boiled 23.5 11.0
Steam-boiled, cooled and reheated 22.8 3.8
Microwaved 26.4 8.5
Microwaved, cooled and reheated 26.4 5.4

DM = dry matter; FW = fresh weight.
a All folate results are means of duplicates. The difference between two sepa
b H4folate = tetrahydrofolate.
c 5-CH3-H4folate = 5-methyltetrahydrofolate.
d Total folate = measured as the sum of H4folate and 5-CH3-H4folate, expr
Tukey’s pairwise comparison (a = 0.05) using software
Minitab release 14 (Minitab Ltd., Coventry, UK) and sig-
nificant variations were considered from p < 0.05.

3. Results

3.1. Folates in raw, heat-processed, stored and reheated

samples of green peas

The concentrations of total and individual forms of
folate in raw, blanched, heat-processed, stored and
reheated green peas are presented on both dry matter
(DM) and fresh weight (FW) in Table 1. Total folate is
measured as the sum of H4folate and 5-CH3-H4folate,
expressed as folic acid. H4folate constituted less than 7%.
The DM content of green peas measured before and after
blanching and freezing in industrial scale varied between
20% and 22%. After boiling, steam boiling and microwave
heating, the DM content varied between 19% and 26%.
Cooling and reheating resulted in DM contents of 21–
26%, implying that the moisture content varied only
between 74% and 81%.

Transporting of raw peas to the industrial plant (Fin-
dus) by pumping in water resulted in folate retention of
87% on DM basis (process 1). Blanching (98 �C/2 min) of
medium size peas resulted in a significantly reduced
(p < 0.05) retention (64%) compared with medium size peas
before processing on both FW and DM basis.

Heat processing of green peas resulted in the following
retention of total folate calculated from the frozen,
blanched and brine graded green peas: boiling (87%) steam
boiling (83%) and microwaving (84%, Fig. 2). None of
these changes in retention were significant on DM basis;
only the boiling procedure, on FW basis, resulted in a sig-
nificant (p < 0.05) reduction in folate content.
rocess 1) cooked, stored and reheated (process 2) green peasa

lg/100 g DM) Folate content (lg/100 g FW)

5-CH3-H4folatec Total folated Total folated

226 230 47.9
197 201 41.2
248 254 52.5
158 164 36.0
199 203 42.2

ice systems (2)

208 203 41.7
175 177 33.4
140 139 29.2
165 169 39.7
160 158 36.0
170 172 45.3
168 167 44.2

rate values for a duplicate was less than 10% for all samples.

essed as folic acid.
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Cooling and reheating of boiled, steam boiled or micro-
waved green peas gave the following retention of total
folate: 79%, 93% and 97% on DM basis, respectively com-
pared with cooked green peas. None of these results
showed statistical significance.

Distribution of 5-CH3-H4folate seems to change individ-
ually under processing. Green peas from field to freeze-
storage after blanching at the industry plant resulted
mainly in reduced retention of 5-CH3-H4folate (process
1). However, this reduction was not statistical significant.
Boiling, steam boiling and microwave cooking of peas
Table 2
Mean content of individual and total folate in raw cooked, stored and reheat

Process DM (g/100 g) Folate con

H4folateb

Raw 13.3 147
Blanched 10.2 148
Blanched, cooled and reheated 10.5 125
Blanched and sous-vide processed 9.6 116
Steamed 12.9 123
Steamed and held warm 12.6 120
Steamed, held warm, cooled and reheated 13.6 103
Steamed, cooled and reheated 12.9 112
Boiled 8.6 111
Boiled and held warm 8.9 121
Boiled, held warm, cooled and reheated 9.3 110
Boiled, cooled and reheated 8.8 90

DM = dry matter; FW = fresh weight.
a All folate results are means of duplicates. The difference between two sepa
b H4folate = tetrahydrofolate.
c 5-CH3-H4folate = 5-methyltetrahydrofolate.
d Total folate = measured as the sum of H4folate and 5-CH3-H4folate, expr
resulted in a significant (p < 0.05) decreased retention of
5-CH3-H4folate compared to raw peas. However, only
steam boiling caused a significant reduction of 5-CH3-
H4folate compared to frozen, blanched and brine graded
peas (Table 1).

3.2. Folates in raw, heat-processed, stored and reheated and

reheated samples of broccoli

The folate contents (calculated on DM and FW) in raw
and processed broccoli obtained with the reported method
ed broccolia

tent (lg/100 g DM) Folate content lg/100 g FW)

5-CH3-H4folatec Total folated Total folated

748 866 115
1022 1130 115
862 953 100
920 1000 96.0

1139 1219 157
1077 1157 146
982 1048 142

1048 1118 144
934 1009 86.8
917 999 88.8
895 968 89.8
815 870 76.4

rate values for a duplicate was less than 15% for all samples.

essed as folic acid.
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are shown in Table 2. Total folate is expressed as folic acid
and is the sum of H4folate and 5-CH3-H4folate, where
H4folate constituted 10–20%. Moreover the DM content
is shown in Table 2. For raw broccoli DM was approxi-
mately 13%. Blanching, steaming, boiling and sous-vide
processing resulted in DM content between 8.5% and
13% with a little change after warm holding, cooling and
reheating. Thus, as for green peas, the moisture content
varied only moderately – between 87% and 91.5%.

Cooked samples of broccoli showed the following
decreasing order of folate content on DM basis: steam boil-
ing (1219 lg/100 g), blanching (1132 lg/100 g), boiling
(1010 lg/100 g), and sous-vide processing (1000 lg/100 g)
(Table 2). Compared with raw broccoli, blanching and
steaming resulted in a significant (p < 0.05) increase in
folate content of 31% and 41%, respectively on DM basis,
whereas corresponding figures based on FW values showed
no folate increase after blanching and 37% increase
(p < 0.05) after steaming.

Broccoli was held warm for 2 h at 60 �C after steam-
boiling and boiling, and this treatment resulted in a folate
retention (on DM basis) of 95% and 99%, whereas further
reheating of the warm held samples of steam boiled and
boiled broccoli showed a retention of 86% and 96%, com-
pared with steamed and boiled samples. These minor losses
in the folate content were not significant.

Cooling and reheating of blanched, steam boiled and
boiled broccoli resulted in folate retention of 84%, 92%
and 87% on DM basis, respectively (Fig. 3). None of
these treatments showed a significant decrease in folate
retention.
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3.3. Folates in raw, cooked, stored and reheated samples of

peeled and unpeeled potatoes

The folate content in raw, cooked, stored and reheated
peeled and unpeeled potatoes is presented on both dry mat-
ter (DM) and fresh weight (FW) in Table 3. Folate content
in potatoes refers only to 5-CH3-H4folate because no trace
of H4folate was detected in the analysed samples. The DM
content of raw potatoes was close to 26%. Boiling and
sous-vide processing of peeled potatoes resulted in a DM
content of 21% and 20%, respectively. Oven baking and
boiling of unpeeled potatoes resulted in a DM content of
35% and 22% respectively.

Overall, the moisture content varied between 75 and
80% for cooked potatoes, except for oven baking that
resulted in 65% moisture.

Boiling significantly (p < 0.05) reduced folate retention
in both peeled potatoes (59% on DM basis) and unpeeled
potatoes (72% DM) when compared to raw potatoes (Figs.
4 and 5). This means that there were no significant differ-
ences in folate retention between unpeeled and peeled pota-
toes on DM basis, after boiling (Fig. 4). Sous-vide
processing of peeled potatoes resulted in a somewhat
higher, but not statistical significant, concentration of
folate compared with raw potatoes (103% on DM)
(Fig. 4). However, the retention of folate was significantly
(p < 0.05) higher (58% on DM basis) after sous-vide pro-
cessing, compared to the boiling of peeled potatoes
(Fig. 4). A significantly reduced folate content (p < 0.05)
was shown after oven baking of unpeeled potatoes (63%
on DM basis) when compared with raw potatoes (Figs. 4
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Table 3
Mean content of individual and total folate in raw cooked, stored and reheated potatoesa

Process DM (g/100 g) Folate content (lg/100 g DM) Folate content (lg/100 g FW)

H4folateb 5-CH3-H4folatec Total folated Total folated

Peeled potato

Raw 25.8 nd 65.5 63.2 16.3
Boiled 20.9 nd 38.8 37.3 7.8
Boiled and held warm 22.6 nd 61.1 58.8 13.3
Boiled, held warm, cooled and reheated 21.8 nd 37.5 36.2 7.9
Boiled, cooled and reheated 21.1 nd 38.6 37.1 7.8
Sous-vide processed 19.9 nd 67.4 64.9 12.9
Sous-vide processed, cooled and reheated 23.6 nd 75.1 72.4 17.1

Unpeeled potato

Raw 25.8 nd 65.4 63.2 16.3
Boiled 22.3 nd 47.5 45.7 10.2
Boiled and held warm 22.6 nd 43.8 42.2 9.5
Boiled, held warm, cooled and reheated 21.7 nd 52.3 50.2 10.9
Boiled, cooled and reheated 23.8 nd 46.3 44.5 10.6
Oven-baked 35.0 nd 41.4 39.8 13.9
Oven-baked and held warm 37.4 nd 31.6 30.5 11.4
Oven-baked, held warm, cooled and reheated 28.6 nd 35.5 34.2 9.8
Oven-baked, cooled and reheated 33.4 nd 33.5 32.3 10.8

DM = dry matter; FW = fresh weight; nd = not detected.
a All folate results are means of duplicates. The difference between two separate values for a duplicate was less than 10% for all samples.
b H4folate = tetrahydrofolate.
c 5-CH3-H4folate = 5-methyltetrahydrofolate.
d Total folate = measured as the sum of H4folate and 5-CH3-H4folate, expressed as folic acid.
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duplicate was less than 10% for all samples. Different letters show statistically significantly (p < 0.05) differences in folate content after different processes
compared with raw potatoes.
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and 5). The retention of folate was significantly higher
(p < 0.05) after oven baking than after boiling of unpeeled
potatoes, on FW basis (Fig. 5) but not on DM basis
(Fig. 4).

The boiled, peeled and unpeeled, potatoes and oven
baked potatoes were held warm for 2 h at 60 �C and this
treatment resulted in retention of 157%, 92%, and 76%,
respectively on DM basis compared with the boiled and
baked potatoes. The folate retention in potatoes held warm
after oven baking was significantly reduced on DM basis
compared with folate content of potatoes after oven baking
(p < 0.05) (Fig. 4). Reheating of boiled, held warm and
cooled potatoes revealed folate retention, on DM basis,
of 97% (peeled) and 110% (unpeeled), respectively com-
pared with boiled potatoes. These changes in folate content
were not statistically significant. Reheating of oven-baked,
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held warm and cooled potatoes resulted in (not significant)
folate retention of 86% on DM basis, respectively. Cooling
and reheating revealed folate retention of 99%, 111%, 97%
and 81% on DM basis compared with boiled and sous-vide
processed peeled potatoes and boiled and oven baked
unpeeled potatoes, respectively (Fig. 4). None of these
changes in folate content was statistically significant.

3.4. Evaluation of the HPLC method

The detector response was linear over the concentration
ranges tested for H4folate, 5-CH3-H4folate and 5-HCO-
H4folate and calibration curve has a correlation coefficient
equal or higher than 0.9999. The limits of quantification
were 0.3, 0.2 and 4.0 ng/ml for H4folate, 5-CH3-H4folate
and 5-HCO-H4folate, respectively.
Table 4
Recoveries of added folate to certified reference material CRM 485 and green

Folate form CRM 485

Amount in
sample (lg/100 g)

Added
(lg/100 g)

Found
(lg/100 g)

Recov
(%)

H4folatea

Day1 14.7 6.19 20.5 92 (n =

5-CH3-H4folateb

Day1 226.9 225.8 444.0 96 (n =
112.9 335.0 96 (n =

Day2 204.8 225.8 422.5 96 (n =
112.9 312.6 95 (n =

a H4folate = tetrahydrofolate.
b 5-CH3-H4folate = 5-methyltetrahydrofolate.
The repeatability of the analytical procedure was checked
using certified reference material CRM 485 on different
extraction days. Mean value of 5-CH3-H4folate was mea-
sured to 228.8 lg/100 g ± 24.4 (n = 14) and the mean value
of H4folate was measured to 17.2 lg/100 g ± 5 (n = 14). No
traces of 5-HCO-H4folate were found in the sample.

Accuracy of the HPLC method was determined by
recovery tests. Peas and the certified CRM 485 were spiked
with a standard solution of H4folate and 5-CH3-H4folate.
The method showed good recoveries that were close to
100%, which indicates that the method is accurate (Table
4).

A typical chromatogram of folates in peas is shown in
Fig. 6. 5-CH3-H4folate was the major form in all three veg-
etables, while H4folate was the minor form representing
<7% and 6–20% in green peas and broccoli respectively.
peas

Green Peas

ery Amount in
sample (lg/100 g)

Added
(lg/100 g)

Found
(lg/100 g)

Recovery
(%)

3) 0.70 0.99 1.51 83 (n = 2)

2) 41.6 40.6 77.8 89 (n = 3)
3)
3) 42.6 40.6 75.8 82 (n = 3)
2) 20.3 61.0 90 (n = 2)



Fig. 6. Chromatograms of reduced folate monoglutamates detected by fluorescence (kex = 290 nm, kem = 360 nm). Sample A: extract of green peas.
Sample B: standard mixture containing H4folate 50 ng/ml and 5-CH3-H4folate 30 ng/ml in elusion buffer. Peaks: 1 = H4folate and 2 = 5-CH3-H4folate.

Table 5
Comparison of total folate content (expressed in lg/100g FW) determined by our liquid chromatography-fluorescence detection (LC/FD) with literature
data based on LC/FD, liquid chromatography-mass spectrometric detection (LC/MS) or microbiological assay (MA)

Vegetable LC/FD (own results) LC/FD & LC/MS (literature data) MA (literature data)

Broccoli, raw 115 27–42a 65b, 111c, 114d,102e 65–187f,g,h, 177i

Green peas, raw 48 33j 25–53f,g,h, 102k, 93–110l

Potatoes, raw 16 12b, 23j 10m, 19–22f,g,h, 125i

a Rychlik (2004).
b Konings et al. (2001).
c Müller (1993).
d Vahteristo et al. (1997).
e DeSouza and Eitenmiller (1986).
f National food table of Sweden (SLV, 1996).
g National food table of Norway (Rimestad et al., 2001) whatever happened to g, h and i?
h National food table of Denmark (Moller, 1996).
i McKillop et al. (2002).
j National food table of Finland (Rastas et al., 1997).

k Dang et al. (2000).
l Puupponen-Pimiä et al. (2003).

m Augustin et al. (1980).
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There were no detectable amounts of H4folate in potatoes
and no 5-HCO-H4folate in the raw and processed samples
of peas, broccoli or potatoes.

Table 5 presents folate contents in raw peas, broccoli
and potatoes compared with literature data based on
HPLC quantification with fluorescence (LC/FD) or mass
spectrometric (LC/MS) detection or by microbiological
assay (MA).
4. Discussion

The present study investigated the influence of different
cooking procedures used in small-and large-scale service
system (boiling, microwave cooking, steam boiling and
oven boiling) and the food industry (blanching and sous-
vide processing) on folate retention in green peas, broccoli
and potatoes.
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Blanching is a first regular heat treatment of green veg-
etables aimed for marketing as frozen items. It takes place
during short times (seconds or a few minutes), and usually
below boiling temperatures in excess of water. The folate
content in peas decreased (31%) during blanching on FW
basis. This is in agreement with Puupponen-Pimiä and
coworkers (2003), who reported a folate loss between
12% and 35% on FW basis after blanching peas for
2 min. Similarly, the loss of folate in blanched broccoli
was 27% (p < 0.05) compared with steamed on FW basis.
DeSouza and Eitenmiller (1986) also showed a higher loss
of folates in blanched broccoli compared with steamed
with a 67% loss on wet weight basis. Jägerstad et al.
(2004) reported losses of up to 50% of folate in grated root
vegetables after blanching.

Our present results showed that boiling of frozen,
blanched, brine graded green peas significantly (p < 0.05)
reduced the folate content by 20% on FW basis and signif-
icantly (p < 0.05) reduced the folate content of boiled
peeled and unpeeled potatoes compared with raw values
by 52% and 37% on FW basis, respectively. Our study also
showed that boiling of broccoli significantly (p < 0.05)
reduced the folate content by 45% compared with steam
boiling, on FW basis. Boiling of green peas did significantly
(p < 0.05) affect the folate retention on FW basis, with a
retention of 84% compared with steam-boiling and a reten-
tion of 74% compared to microwave cooking. However,
neither broccoli nor green peas showed any significant
changes in retention figures for folates after different cook-
ing procedures when calculated on DM. In the present
study we have calculated the folate loss on DM or FW
basis. However, the differences in DM content after differ-
ent processes will also affect the folate content in the differ-
ent vegetables.

Boiling of peeled potatoes resulted in greater loss of
folate than boiling of unpeeled potatoes. This result is con-
firmed by a study of Augustin et al. (1980), which indicates
that the skin gives protection against folate losses. On the
other hand, McKillop et al. (2002) observed a non-signifi-
cant reduction of folates in both peeled potatoes and
unpeeled potatoes after boiling for 60 min. However, com-
pared to green vegetables, few studies have examined the
folate loss associated with processing of potatoes although
potatoes is an important contributor to folate in the Nordic
European diet, accounting for 8–15% (Becker, 1999; de
Bree et al., 1997). On DM basis, oven-baked potatoes
retained 63% (p < 0.05) of the folates compared with
unpeeled raw potatoes. Augustin et al. (1980) show non-
significant folate retention of 87% (on DM basis) after oven
baking of unpeeled potatoes for 60 min at 204 � C. The
somewhat larger loss in this present study might be
explained by the slightly higher oven temperature
(225 �C) and longer baking time (80 min).

The highest content of folate (both on DM basis and as
FW) appears in broccoli prepared by steam boiling, a
method that involves less contact with water compared
with boiling and blanching. Similar to our results, other
studies also show greater losses of folate after boiling com-
pared with steam boiling of broccoli (McKillop et al., 2002;
Peterson, 1993). This confirms previous studies that folate
is primarily lost due to leaking into the cooking water and
not oxidation or other pathways of degradation (Dang
et al., 2000; Hawkes and Villota, 1989; McKillop et al.,
2002; Petersen, 1993; Scott, Rébeille, and Fletcher, 2000).

Folate retention was studied using the sous-vide system
of processing. In this method vegetables are heated in a
vacuum-packed container; therefore the lack of exposure
to exogenous water would be expected to prevent losses
due to leaching. This was confirmed by our results since
the sous-vide processed potatoes showed significantly
higher folate retention compared with boiled samples of
peeled potatoes. The sous-vide processing of broccoli in
our study involved an additional pre-treatment with
blanching, which might explain the unexpected low content
of folate in sous-vide processed broccoli. This two-step
treatment of broccoli also resulted in less attractive appear-
ance compared with the broccoli processed with other
methods. For these reasons, sous-vide processing of broc-
coli might not be a desirable choice of treatment when pre-
paring this vegetable.

After preparation in institutional settings, food may be
held warm for significant periods of time before consump-
tion. Therefore, one of the main objectives of this study
was to observe folate losses during storage and reheating
of food. Steamed broccoli and boiled unpeeled potatoes
and broccoli were held warm for 2 h at 60 �C, resulting
in a small loss of folate of 0.6–8% on DM basis. However,
oven baked unpeeled potatoes that were held warm showed
a significant (p < 0.05) loss 24% on DM basis and warm
holding of peeled potatoes resulted in an unexpected higher
folate content when compared with the folate content of
potatoes directly after boiling. Williams et al. (1995)
reported a folate loss of 8–28% after 2 h warm holding at
72 �C of several cooked vegetables. They concluded that
warm holding would ensure better folate retention than a
cooked/chill system. However, we could not confirm this
since with the conditions in our study there were no signif-
icant differences in steamed and held warm and steamed,
cooled and reheated broccoli or boiled and held warm
and boiled, cooled and reheated broccoli. Furthermore
there were no significant differences in folate content
between oven-baked and held-warm potatoes or boiled
and held-warm unpeeled potatoes and boiled, cooled and
reheated potatoes.

Sous-vide processed potatoes were stored for 2 weeks
before reheating, which resulted in an increased content
of folate. We cannot see any reasonable explanation for
this result and we therefore think there is a need for further
studies to investigate the folate retention of sous-vide pro-
cessed potatoes both before and after storage.

Folate retention in peas after undergoing commercial
processing (process 1, Table 1) was also studied. The frozen
pea samples lost 12% compared with newly harvested (raw)
material. Similar losses, of 5–15%, have previously been
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reported (Scott et al., 2000). Our study indicates that at
most one third of total folate was lost in green peas
between soil and table.

Because the results of folate content of raw broccoli
were lower than the processed broccoli, it was not possible
to compare the retention of the different processing meth-
ods with raw broccoli. Moreover, the retention of folates
in peeled-boiled and warm-held potatoes and sous-vide
processed, cooled and reheated potatoes were unexpectedly
high. The reasons for these values are unclear especially
since the accuracy of the method was good (Table 4) and
the obtained mean value of 228.8 ± 24.4 lg 5-CH3-
H4folate/100 g for the certified reference material CRM
485 was close to the previously reported 214 ± 42 lg/
100 g (Finglas et al., 1999), 210 ± 19 lg/100 g (Konings
et al., 2001) and 247 ± 2 lg/100 g (Jastrebova et al.,
2003). Jastrebova et al. (2003) also reported an H4folate
value of 7.86 ± 0.64 lg/100 g in this reference material,
which is somewhat lower than our results.

Furthermore, when comparing our results for raw broc-
coli, green peas and potatoes with those previously
reported (Table 5) the value for potatoes is somewhat lower
whereas the others are in similar range. The use of the dif-
ferent analytical methods as well as the variation within-
and between laboratories can explain some of the varia-
tion. In addition, different cultivars (Puupponen-Pimiä
et al., 2003; Strålsjö, Åhlin, Witthöft, and Jastrebova,
2003) and time of harvesting (Vahteristo, Lehikoinen, Olli-
lainen, and Varo, 1997) have shown variation in folate con-
tent. It is also suggested that the differences in results of
folate content in processed potatoes might be due to differ-
ence in distribution of folate dependent on maturity and
possibly on the variety of potatoes (McKillop et al., 2002).

Because the level of H4folate increases and the level of 5-
CH3-H4folate decreases after processing of peas, process-
ing might be a result of an interconversion of 5-CH3-
H4folate to H4folate. However, the same pattern was not
observed in the broccoli samples. Potato samples did not
contain H4folate, which has previously been confirmed by
Konings et al. (2001). It should be emphasized that the
HPLC method used in the present study includes the use
of BAL as antioxidant, which has been shown to be the
best stabilizer of H4folate in phosphate buffer (Patring,
Johansson, Yazynina, and Jastrebova, 2005b).

5. Conclusions

This study demonstrates that retention of folate in var-
ious food items is dependent on both the food in question
and the method of processing. For potato samples only
boiling of potatoes (59%) and oven-baking of unpeeled
potatoes (63%) caused a significant (p < 0.05) reduction
of the folate content compared with raw potatoes on DM
basis. For peas no method used for processing in service
systems (boiling, steam-boiling or microwave heating)
caused any significant (p < 0.05) losses of folates. However,
folates were significantly (p < 0.05) reduced with 29% after
industrial blanching. No significant (p < 0.05) differences in
folate content could be observed in broccoli processed by
traditional cooking systems such as boiling or by minimal
processing such as steam boiling.

Warm holding has previously been suggested to ensure
better folate retention than a cook/chill system. This could
not be confirmed by this study since storage at various tem-
peratures and times followed by reheating caused no fur-
ther significant (p < 0.05) losses of total folate.
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wheat breakfast rolls fortified with folic acid. The effect on folate status
in women during a 3-month intervention. European Journal of

Nutrition, 41, 279–286.
Konings, E. J., Roomans, H. H., Dorant, E., Goldbohm, R. A., Saris, W.

H., & van den Brandt, P. A. (2001). Folate intake of the Dutch
population according to newly established liquid chromatography data
for foods. American Journal of Clinical Nutrition, 73, 765–776.

McKillop, D., Pentieva, K., Daly, D., McPartlin, J., Hughes, J., Strain,
J., et al. (2002). The effect of different cooking methods on folate
retention in various foods that are amongst the major contributors
to folate intake in the UK diet. British Journal of Nutrition, 88,
681–688.

Moller, A. (1996). The composition of food (Levnedsmiddeltabeller) (4th
ed.). Copenhagen: Levnedsmiddelstyrelsen.

Müller, H. (1993). Determination of folic acid contents in vegetables and
fruits by HPLC. Zeitschrift für Lebensmittel Untersuchung und

Forschung, 196, 137–141.
Nilsson, C., Johansson, M., Yazynina, E., Strålsjö, L., & Jastrebova, J.
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