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Stability of folate at different pH (3 to 9) toward thermal (65 to 140°C)
treatments was studied on a kinetic basis. Residual folate concentration
after thermal treatment was measured using reverse phase liquid chroma-
tography. A model to describe the temperature effect on folate degrada-
tion rate constant is presented with the degradation of folates followed
first-order reaction kinetics. The estimated Arrhenius activation energy
(Eo) values of folate thermal degradation were determined.
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1 INTRODUCTION

Folates represent a member of the water-soluble B
vitamin family. This generic name refers to a num-
ber of chemical compounds, which are structurally
related and have a biological activity similar to that
of folic acid. Folates have come into focus due to
their protective role against birth defects e.g. neural
tube defects (MRC Vitamin Study Research
Group, 1991; Czeizel et al., 1992), cardiovascular
diseases (Boushey et al, 1995; Scott and Weir,
1996; Wald et al., 1998), stroke (Perry et al.,
1995), cancer (Giovannucci et al., 1998), Alz-
heimer’s disease (Wang, 2002) and others. The
chemical reactivity of some important folate com-
pounds determines folate stability during food pro-
cessing. Considerable losses are mostly caused by
oxidation and can be enhanced by light, heat, pres-
sure etc. (William, 1993; Gregory, 1996; Gregory,
1998; Butz et al., 2004; Indrawati et al., 2005).

Processing stability of folates in model systems or
in food systems can be affected by several intrinsic
(chemical structure, pH, oxygen) and extrinsic
(temperature) factors. Thermal degradation of fo-
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lates has been reported in literature (O’Broin et al.,
1975; Chen and Cooper, 1979; Paine-Wilson and
Chen, 1979; Ruddick et al., 1980; Day and Grego-
ry, 1983; Mnkeni and Beveridge, 1983; Saxby et
al., 1983; Barrett and Lund, 1989; Hawkes and
Villota, 1989; Viberg et al., 1997). However, lim-
ited information on the effects of thermal treat-
ments on folate (folic acid and different folate de-
rivatives) stability in model system is available.
This paper describes a screening study on tempera-
ture stability of different folate derivatives. Sec-
ondly, the effect of pH on the stability of folates in
model systems during thermal treatments is dis-
cussed.

2 MATERIALS AND METHODS
2.1 Sample preparation

PteGlu, H4PteGlu, 5-CHOH4PteGlu and 5-
CH3H4PteGlu were obtained from Schricks La-
boratory (Jona, Switzerland). The stock solutions
(1.0 mg/mL) were prepared by dissolving 10 mg
folates in 10 mL sodium borate buffer (0.05 M, pH
9.2) containing 0.4% B-mercaptoethanol. The stock
solutions were stored at —80°C. Working standard
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solutions were daily prepared (5 pg/mL for PteGlu
and 10 pg/mL for other folate derivatives) and dif-
ferent types of buffer solutions were used for ther-
mal treatments, i.e. sodium acetate buffer (0.2 M,
pH 3.4), sodium citrate buffer (0.1 M, pH 4.0),
sodium acetate buffer (0.2 M, pH 5.0), sodium
phosphate buffer (0.1 M, pH 7.0), sodium borate
solution (0.05 M, pH 9.2). All organic solvents
(acetonitrile) were obtained from Merck (Darm-
stadt, Germany). Deionized water was used to pre-
pare all solutions. All procedures of sample prepa-
ration and treatment were carried out under sub-
dued light by covering samples with aluminum
foil.

In this study, the folate concentrations were spec-
trophotometrically determined (Konings, 1999).

One mililiter of each stock solution (10 mg/10 mL)
of H4PteGlu, PteGlu, 5-CH3;H4PteGlu and 5-
CHOH4PteGlu was diluted to 100 mL with phos-
phate buffer (0.1 M, pH 7.0). For each standard
working solution, the absorbance different (4-4,)
was determined within 5 min, using a spectropho-
tometer at suitable wavelengths (setting given in
Table 1).

A is the absorbance of the standard solution and 4,
is the absorbance of the blank. 5-CH;H4PteGlu was
determined based on the absorbance at 245 nm and
the calculated absorbance ratio (290 nm/245 nm)
had to be above 3.3 to eliminate the contamination
of dihydro derivatives. The concentration for each
standard working solution was calculated using
equation 1.

Table 1: Molar absorption coefficients (£)*, molar mass (M) and maximum wavelength (Amax) for folates

Folate derivative pH M Amax (nm) £ (mL/pmol.cm)
Folic acid 7.0 4414 283 27.6
5-CHsHafolate 7.0 457.4 290 31.7
Hafolate 7.0 4454 297 29.1
5-HCO-Hyfolate 7.0 473.5 285 37.2
10-HCO-folic acid 7.0 469.4 269 20.9
5,10-CH"-Hufolate 2.0 456.4 352 25.0
“Data from Blakley (1969)
AM constant, n is the reaction order and t is the treat-
Concentration (pg/mL) = —1 ) ment time.
&

2.2 Isothermal treatment

Thermal experiments were performed in a water
bath (T < 90°C) or in an oil bath (T > 90°C). To
ensure isothermal heating, the sample solutions
were filled in capillary tubes (Hirchmann, 1.15 mm
i. d. x 150mm length). After preset time intervals,
the capillaries were withdrawn from the water bath
or the oil bath and immediately cooled in ice water
to stop the thermal degradation. The samples were
stored in ice water until the HPLC assay. The blank
(C,) was defined as the concentration of the un-
treated sample. Each heat treatment was performed
twice.

2.3 Data analysis

2.3.1 Primary model to describe time dependent
vitamin degradation

The degradation rate of quality attributes can be
described by a n™ order kinetic model (equation 2).
dC
— =—kC" 2)
dt

Where C is the concentration of the considered
quality aspect at time t, k is the degradation rate
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Previous studies have shown that the thermal de-
struction of folates, i.e. PteGlu, 5-CH3H4PteGlu, 5-
CHOH4PteGlu and H4PteGlu in buffer systems
followed first order reaction kinetics in a wide pH
range (1 to 12) (Paine-Wilson and Chen, 1979;
Barrett and Lund, 1989; Hawkes and Villota,
1989). For a first order reaction (n = 1) and under
constant intrinsic and extrinsic (e.g. pressure, tem-
perature) conditions, equation 1 was integrated to
equation 3.

In (C) = In (Cy) - kt 3)

Where C,is the initial concentration of the folate or
its derivatives, k is the degradation rate constant
and ¢ is the treatment time.

When the natural logarithm of the residual concen-
tration is plotted as a function of treatment time,
the degradation rate constant (k) can be estimated
by linear regression analysis (SAS, 2001) and it is
derived from the slope of the regression line.

2.3.2 Secondary model to describe temperature
dependence of the degradation rate constant

The temperature dependence of the degradation
rate constant (k) at a constant pressure is expressed
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in terms of the activation energy (£,) and estimated
using the Arrhenius equation (equation 4).

Ef1 1
c———|| @
RA\T, T

Where k is the degradation rate constant (min'),
ke 1s the degradation rate constant at 7., E, is the
activation energy (kJ/mol), Rr is the universal gas
constant (8.314 Jmol'K™"), T is the absolute tem-
perature (K) and 7. is the absolute reference tem-
perature (K).

2.4 HPLC analysis for folate identification and
quantification

In our study, a reverse phase HPLC (AKTA purifi-
er, GE Health Amersham Biosciences, Uppsala,
Sweden) using a Prevail C;s column (250 mm x 4.6
mm, 5 pm particle size, Alltech, Deerfield, IL) and
Unicorn 4.0 data analysis software was used to
identify and quantify folates. The column tempera-
ture was maintained at 25°C. Folates were detected
using a UV (290 nm, AKTA purifier, Amersham
Biosciences) detector. A linear gradient was per-
formed using a mixture of acetonitrile-phosphate
buffer (0.033 M, pH 2.15) with a flow rate of 1
mL/min. The gradient started at 5.0 % (v/v) ace-

k =k, exp

tonitrile, which was maintained isocratically for the
first 4 min and afterwards, increased to 60 % (v/v)
within 12 min. In this study, the injection volume
was 100 pL. The folate peak was found at a reten-
tion time between 10 and 12 min. The concentra-
tion of folates was calculated based on their peak
area and peak height in comparison to the external
standard solutions (in the range of 0-15 pg/mL) of
the same components. The correlation coefficient
(r?) of the standard curves in this study exceeded
0.99.

2.5 Standard curve of HPLC analysis

A chromatogram of folate is presented in Figure 1.
PteGlu, H4PteGlu, 5-CH3;H4PteGlu and 5-
CHOH4PteGlu were detected by UV at 290 nm.
The elution times of H4PteGlu, 5-CH;HsPteGlu
and 5-CHOH4PteGlu and PteGlu were 10.50 min,
10.69 min, 11.47 min and 11.56 min, respectively.
Vitamin concentration was quantified based on
external standards. Standard curves showing a line-
ar response of peak area or peak height versus fo-
late concentration (UV detection at 290 nm) are
given for example in Figure 2. The regression cor-
relation (1?) of the standard curves in this study
were at least 0.99.

400

Retention time (min)

H,PteGlu

5-CHOH,PteGln ——

5-CH,H,PteGlu ——
PieGlu

Fig. 1: Typical HPLC chromatogram of folates
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Fig. 2: Standard curves for (a) 5S-CH3zH4PteGlu, (b) 5-CHOH4PteGlu at 290 nm
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3 RESULTS AND DISCUSSION at pH 7.0, with smaller levels of pterin and xan-

3.1 Temperature stability of HiPteGlu thopterin.

H4PteGlu was extremely labile towards tempera- 3.2 Temperature stability of PteGlu

ture. The concentration of H4PteGlu decreased dur- PteGlu was very stable at temperatures lower than
ing sample preparation. The molecule degraded 120°C. A slight degradation was observed at tem-
very fast during treatment for example at 60°C. As peratures higher than 120°C (Figure 3). The effect
reported by Paine-Wilson and Chen (1979), of pH on PteGlu stability at 160°C is shown in
H4PteGlu is rapidly oxidized by air in neutral solu- Figure 4. PteGlu was quite stable at pH 5.0 to 9.2,
tion (phosphate buffer, pH 7.0) with the formation but unstable at more acidic pH (pH 3.4). At all pH
of pABG and a number of pterins. Reed and Arch- values studied (3.4, 5.0, 7.0, 9.2), thermal degrada-
er (1980) have reported that the rate of H4PteGlu tion could be described by a pseudo first order ki-

loss at pH 4 was equal to the rate of pABG for- netic model. This is in agreement with literature
mation, and 6-formylpterin was the major product findings (Paine-Wilson and Chen, 1979; Mnkeni
and Beveridge, 1983).
0% 0 ¢
) : = 2 ]
S S
o o
E _4 : E —4 i
-6 - — —————— -6 ‘ ‘ ‘
0 120 240 360 480 0 60 120 180 240
time (min) time (min)

Fig. 3 :Logarithm of the ratio of concentration to  Fig. 4: Logarithm of the ratio of concentration to
initial concentration of PteGlu (5 pg/mL) as a initial concentration of PteGlu (5 pg/mL) as a
function of treatment time [in acetate buffer (0.2 function of treatment time [at 160°C and pH 3.4

M, pH 5.0) at 120°C (), 140°C (A) and 160°C (0)] (0), pH 5.0 (A), pH 7.0 (©), pH 9.2 (0)]

The estimated k and E, values are summarised in the degradation rate constants versus the reciprocal
Table 2. It can be stated that thermal stability of of absolute temperature is shown in Figure 5.
PteGlu is largely affected by pH. PteGlu is more 0

thermostable at higher pH value and the stability
decreased rapidly at low pH. PteGlu is stable up to
7 h heating at temperatures 120-140°C and pH 5.0
to 9.2. Acidification of the medium decreased the
thermal stability of PteGlu.

In (k)

The estimated F, values are comparable to those
obtained by Mnkeni and Beveridge (1982, 1983).
They found that the E, values of PteGlu degrada-

tion at pH 3 and 6 were 94.47 and 70.22 kJ/mol, -8 — T
respectively. 0.00231 0.00241 0.00251
Temperature dependency of the rate constants for /T (1/K)

PteGlu degradation in the temperature range stud- Fig. 5: Temperature dependence of the k-values
ied could be described by the Arrhenius equation for the thermal degradation of PteGlu at pH 3.4
(Eq. 4). The relation between natural logarithm of (@), pH 5.0 (A), pH 7.0 (0), pH 9.2 (0)
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Table 2: k (x 103) (min™') and E. values for the thermal degradation of PteGlu (5 ng/mL) in buffer at
pH 3.4, pH 5.0, pH 7.0 and pH 9.2

T (°C) pH 3.4 pH 5.0 pH 7.0 pH 9.2

120 2.99+0.25 1.0620.10 1.08+0.19 0.8610.22

140 11.31+0.64 1.3620.17 1.2640.20 1.184+0.14

160 22.2443.06 7.31+0.45 4.7440.36 3.7740.64

E, (kJ/mol) 71.22+11.36 67.50+31.17 51.67£25.40 51.46+16.31

r 0.98 0.82 0.81 0.91

*Standard error of regression

3.3 Temperature stability of 5-CH3;H4PteGlu fast at 90°C, particular at low pH. The residual

concentration of 5-CH3;H4PteGlu in acetate buffer
pH 3.4 was about 15% after heating for 15 min at
90°C. To investigate the influence of pH on the
thermal degradation of 5-CH3;H4PteGlu, different
buffer solutions (pH ranging from 3.4 to 9.2) were
used. The results are shown in Figure 7 at 80°C.
The estimated kinetic parameters are summarized

The effects of temperature on 5-CH3;H4PteGlu sta-
bility were investigated at temperatures from 65 to
90°C. When the logarithm of the concentration was
plotted as a function of time, thermal degradation
of 5-CH;3H4PteGlu could be described by a pseudo
first order model (Figure 6). After 15 min treat-
ments from 65°C up to 90°C, the folate degrada-

tion in sodium phosphate buffer was ranging from in Table 3.
14 % to 65 %. This folate derivative degraded very
0Q 0a
1] -1 f
82 0 Sa2q °
SO A = ]
O ] O 1
=3 = 3] 0
3 * o
-5 1 — — T T — -5+
0 60 120 180 240 0 30 60 90 120 150 180
time (min) time (min)
Fig. 6: Logarithm of the ratio of concentration to Fig. 7: Logarithm of the ratio of concentration to
initial concentration of 5-CH:H4PteGlu (10 initial concentration of 5S-CH3;H4PteGlu (10 ng/mL)
pg/mL) as a function of treatment time [in phos- as a function of treatment time [at 80°C in buffer
phate buffer (0.1 M, pH 7.0) at 65°C (O), 70°C pH 3.4 (), pH 5.0 (A), pH 7.0 (0), pH 9.2 (0)]

(A), 80°C (0) and 90°C (0)]

Table 3: k (x 107%) (min™') and E. values for the thermal degradation of 5-CH:HsPteGlu (10 pg/mL) in
buffer pH 3.4, pH 5.0, pH 7.0 and pH 9.2

T (°C) pH 3.4 pH 5.0 pH 7.0 pH 9.2
65 10.18+1.21° 14.41+2.25 9.73+0.83 9.61+0.81

70 22.45+2.55 31.27+4.67 13.06+1.12 15.22+1.03

80 79.98+14.57 80.79+8.72 28.1440.93 55.29+3.28

90 165.62423.66 105.86+11.06 68.31+5.86 112.36+11.81

E. (kJ/mol) 114.18+10.82 80.83+16.32 79.98+4.88 103.94+8.04
12 0.98 0.93 0.99 0.99

“Standard error of regression
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Fig. 8: Temperature dependence of the degrada-
tion rate constant for the thermal degradation
of 5-CH3H4PteGlu in buffer at pH 3.4 (O), pH

5.0 (A), pH 7.0 (0), pH 9.2 (0)

The stability of 5-CH3;H4PteGlu in buffer solution
depends on the pH. The highest stability at all tem-
perature tested was in phosphate buffer pH 7.0, and
the stability rapidly decreased with increasing alka-
linity (pH 9.2) or acidity (pH 3.4—pH 5.0). Compa-
rable results were reported by Paine-Wilson and
Chen (1979). O’Broin et al. (1975) also investigat-
ed the effect of pH and buffer ions on the stability
of several folates. This study showed the highest
stability of 5-CH3;H4PteGlu at pH 9.0 with a 0.1M
Tris/HCI buffer. At 65°C and 70°C, the degrada-
tion rate of 5-CH3;H4PteGlu at pH 5.0 was the
highest compared to pH 3.4, 9.2 and 7.0. The deg-
radation was enhanced by lowering the pH. The

0 &
=
Q |
9 -1 i I
£ ]

_2 T T T

0 60 120 180 240
time (min)

Fig. 9: Logarithm of the ratio of concentration to
initial concentration of 5S-CHOH4PteGlu (10
pg/mL) as a function of treatment time [in acetate

buffer (0.2 M, pH 5.0) at 80°C (0), 90°C (A), 100°C

() and 110°C (0)]

The effect of pH on the rate of thermal 5-
CHOH4PteGlu degradation was investigated in
different buffer solutions at pH values ranging
from 3.4 to 9.2. It was observed that in all cases the
thermal degradation of 5-CHOH4PteGlu could be
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degradation of 5-CH3;H4PteGlu at alkaline pH in
this study could be explained by an oxidative
mechanism involving the formation of 5-
CH;H,PteGlu (Paine-Wilson and Chen, 1979). At
acidic pH, the loss of 5-CH3H4PteGlu during heat-
ing may be due to formation of an unidentified
nutritionally inactive derivate as suggested by
O’Broin et al. (1975) rather than by oxidative
cleavage at the C9-N10 bond resulting in the sepa-
ration of the pteridine and p-aminobenzoyl ring.
The substitution in the 5-position would be ex-
pected to be resistant to such a cleavage reaction
(Rabinowitz, 1960).

The temperature dependence of the degradation
rate constants of 5-CH3;H4PteGlu was described by
the Arrhenius equation (Figure 8).

It can be seen that 5-CH3H4PteGlu has the highest
thermostability at pH 7.0, while the lowest thermo-
stability is found at pH 3.4. Comparing the E, val-
ues, the lowest temperature sensitivity of the .-
values were observed for the degradation of 5-
CH3H4PteGlu at pH 5.0 and 7.0.

3.4 Temperature stability of S-CHOHsPteGlu

Thermal stability of 5-CHOH4PteGlu was screened
at temperatures above 60°C. At all pH values test-
ed, 5-CHOH4PteGlu showed a high stability at
temperatures below 70°C. This vitamin was stable
for 6 h at 60°C in the pH range from 3.4 to 9.2. As
expected, increasing temperature (above 70°C)
enhanced the degradation rate constant (Figure 9).

2+

0 120 240 360 480
time (min)
Fig. 10: Logarithm of the ratio of concentration
to initial concentration of 5-CHOH4PteGlu (10
pg/mL) as a function of treatment time [at 90°C
in buffer pH 3.4 (O), pH 5.0 (A), pH 7.0 (0), pH
9.2 (0)]

accurately described by pseudo first order kinetics
(equation 2) as shown in Figure 10. The thermal
stability of 5-CHOH4PteGlu increased in neutral or
mildly alkaline solutions, as the degradation rate
constants decreased when pH increased from 3.4 to
9.2 (Table 4). 5-CHOH4PteGlu was stable for 7 hrs
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at 80°C at pH ranging from 7 to 9.2, and slightly Chen (1979) found this vitamin to be stable for 10
degraded during heating at higher temperatures. 5- hrs at 100°C in the pH range from 4.0 to 12.0, and
CHOH4PteGlu was unstable at low pH (Hawkes below pH 4.0 the stability rapidly decreased with
and Villota, 1989). Under acidic conditions, 5- pH. The results on thermal stability of 5-
CHOH4PteGlu loses a molecule of water to form CHOH4PteGlu are in line with previous reports
5,10-CH=H4PteGlu, especially at elevated tem- (May et al., 1951; Paine-Wilson and Chen, 1979).
perature (May et al, 1951). Paine-Wilson and

Table 4: k& (x 10*) (min™) and E. values for the thermal degradation of S-CHOH4PteGlu in buffer pH
3.4, pH 5.0, pH 7.0 and pH 9.2

T (°C) pH 34 pH 5.0 pH 7.0 pH 9.2

80 18.38+1.022 1.65+0.08 0.32+0.02 0.17+0.02

90 31.57+0.70 3.10+0.33 0.82+0.06 0.26+0.01

100 61.22+2.82 5.78+0.45 1.52+0.12 0.29+0.04

110 98.81+3.05 8.59+0.33 2.19+0.05 0.65+0.04

E, (kJ/mol) 64.17+£2.45 0.99 62.81+£3.56 0.99 71.78+8.96 47.18+11.13

12 0.97 0.90

aStandard error of regression

The temperature dependence of the rate constant buffer systems were studied, it can be stated that all
for the thermal degradation of 5-CHOH4PteGlu in folates have a high thermostability at neutral or
buffer systems in the temperature range studied alkaline pH. The estimated E,-values of folates at

could be adequately described by the Arrhenius pH 3.4 and pH 9.2 were respectively 71.22 and
equation (Figure 11). The estimated activation en- 51.46 kJ/mol for PteGlu, 64.17 and 47.18 kJ/mol
ergy ranged from 47.18 to 71.78 kJ/mol depending for 5-CHOH4PteGlu and 114.18 and 103.94 kJ/mol
on the pH value. 5-CHOH4PteGlu has the highest for 5-CH3;H4PteGlu. Moreover, it was observed

thermostability at pH 9.2 and the lowest thermo- that PteGlu is more thermostable than 5-
stability was found at pH 3.4. CHOH4PteGlu and 5-CH3;H4PteGlu as shown in
Figure 12.

By comparing the thermostability of 5-
CHOH4PteGlu, PteGlu and 5-CH3;H4PteGlu in all

0 0
2 2 *
2 g4
g £ 3
-6 6 >
-8 -8 1
-10 T T T T T T T T T T T T T T T T T -10 L ' ' ' ' ! ' ' ' ' ! ' ' ' ' !
0.00261  0.00268 0.00275  0.00281 0.00231 °~0025le 1?£0275 0.00297
/T (1/K) (I/K)

Fig. 11: Temperature dependence of the degra- Fig. 12: Temperature dependence of the degrada-
dation rate constant for the thermal degradation tion rate constant of 5 pg/mL PteGlu (0), 10 pg/mL
of 5-CHOH4PteGlu in buffer pH 3.4 (0), pH 5.0  5-CHOH4PteGlu (1) and 10 pg/mL 5-CH3H4PteGlu

(A), pH 7.0 (©), pH 9.2 (0) (A) in phosphate buffer (0.1 M, pH 7.0)
4 CONCLUSIONS and 5-CHOH4PteGlu had the highest stability at
neutral pH (pH 7.0) or alkaline pH (pH 9.2).
The thermal degradation of all folate derivatives PteGlu showed to be very stable up to temperatures
studied in different buffer systems at temperatures of 120°C. This is in line with the studies on ther-

from 65°C to 160°C followed pseudo first order mostability of folates published in literature.
kinetics. It was found that PteGlu and 5- )
CHOH4PteGlu were quite stable whereas HsPteGlu The pH was found to have a pronounced influence

and 5-CH;H,PteGlu were less thermostable. on the thermal and pressure stability of folates. The
largest stability of both PteGlu and 5-

During thermal treatment, PteGlu, 5-CH3;H4PteGlu CHOH,PteGlu was found at pH 9.2 for thermal
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treatment and the stability decreased with increas-
ing acidity.

H4PteGlu was unstable during thermal treatment.
5-CH3H4PteGlu showed the greatest stability at pH
7.0 and exhibited parallel patterns of decreasing
stability with increasing acidity and alkalinity dur-
ing heat treatment.

By mutually comparing the different buffered sys-
tems, PteGlu acid showed the highest stability
compared to 5-CHOH4PteGlu, 5-CH3;H4PteGlu and
H4PteGlu with respect to pH and temperature.

REFERENCES

Barrett, D.M., Lund, D.B., 1989. Effect of oxygen on ther-
mal degradation of 5-methyl-5,6,7,8-tetrahydrofolic ac-
id. Journal of Food Science. 54(1): 146-149.

Blakley, R., 1969. The biochemistry of folic acid and re-
lated pteridines. North Holland. Research Monographs
Frontiers of Biology. Vol. 13, Editors H. Newbergen
and E. L. Taton. Amsterdam. North Holland Publish-
ing Company. Cited by Hawkes J.G., Villota R., 1989.
Folate in foods: reactivity, stability during processing,
and nutritional implications. Critical Reviews in Food
Science and Nutrition. 28(6): 439-538.

Boushey, C.J., Beresford, S.A., Omenn, G.S., Motulsky,
A.G., 1995. A quantitative assessment of plasma
homo-cysteine as a risk factor for vascular disease.
JAMA. 274: 1049-1057.

Butz, P., Serfert, Y., Fernandez Garcia, A., Dieterich, S.,
Lindauer, R., Bognar, A., Tauscher, B., 2004. Influ-
ence of High Pressure Treatment at 25°C and 80°C
on Folates in Orange Juice and Model Media. Jour-

Hawkes, J.G., Villota, R., 1989. Folates in foods: reac-
tivity, stability during processing, and nutritional im-
plications. Critical Reviews in Food Science and Nu-
trition. 28(6): 439-538.

Indrawati, Van Loey, A., Hendrickx, M., 2005. Pressure
and temperature stability of 5-methyltetrahydrofolic
acid: A kinetic study. Journal of Agricultural and
Food Chemistry. 53: 3081-3087.

Konings, E.J.M., 1999. A validated liquid chromato-
graphic method for determining folates in vegetables,
milk powder, liver, and flour. Journal of AOAC In-
ternational. 82: 119-127.

May, M., Bardos, T.J., Barger, F.L., Lansford, H., Ravel,
J.M., Sutherland, G.L., Shive, W., 1951. Synthetic
and degradative investigations of the structure of fo-
linic acid-SF. Journal of the American Chemical So-
ciety. 73: 3067.

Mnkeni, A.P., Beveridge, T., 1982. Thermal destruction
of pteroylglutamic acid in buffer and model food
systems. Journal of Food Science. 47(6): 2038.

Mnkeni, A.P., Beveridge, T., 1983. Thermal destruction
of 5-methytetrahydrofolic acid in buffer and model
systems. Journal of Food Science. 48(2): 595.

MRC Vitamin Study Research Group, 1991. Prevention
of neural tube defects: results of the Medical Re-
search Council vitamin study. Lancet. 338: 131-137

O’Broin, J.D., Temperley, .J., Brown, J.P., Scott, J.M.,
1975. Nutritional stability of various naturally occur-
ring monoglutamate derivatives of folic acid. Ameri-
can Journal of Clinical Nutrition. 28 (May): 438.

Paine-Wilson B., Chen, T.S., 1979. Thermal destruction
of folacin: effect of pH and buffer ions. Journal of
Food Science. 44(3): 717.

nal of Food Science. 69: 117-121.

Chen, T.S., Cooper, R.G., 1979. Thermal destruction of
folacin: effect of ascorbic acid, oxygen and tempera-

Perry, 1.J., Refsum, H., Morrise, R.W., Ebrahim, S.B., Ueland,
P.M., Shaper, A.C., 1995. Prospective study of serum total
homo-cysteine concentrations and risk of stroke in a mid-

ture. Journal of Food Science. 44(3): 713.

Czeizel, A.E., DuDas, 1., 1992. Prevention of the first
occurrence of neural tube defects by periconception-
al vitamin supplementation. The New England Jour-
nal of Medicine. 327: 1832-1835.

Day, B.P.F., Gregory, J.F., 1983. Thermal stability of folic
acid and 5-methyltetrahydrofolic acid in liquid model
food systems. Journal of Food Science. 48 (2): 581.

Giovannucci, E., Stampfer, M.J., Colditz, G.A., 1998.
Multivitamin use, folate, and colon cancer in women
in the Nurses’ Health Study. Annals of Internal Med-
icine. 129: 517-524.

Gregory, J.F., 1996. Vitamins. In Fennema OR (ed). Food
Chemistry. New York: Marcel and Dekker, 590-600.

94

dle aged British men. Lancet. 346: 1395-1398.

Rabinowitz, J.C., 1960. Folic acid. In “The enzymes”,
2nd ed. Academic Press, New York. (2): 185.

Reed, L.S., Archer, M.C., 1980. Oxidation of tetrahydro-
folic acid by air. Journal of Agricultural and Food
Chemistry. 28(4): 801-805. Cited by Hawkes J.G., Vil-
lota R., 1989. Folate in foods: reactivity, stability dur-
ing processing, and nutritional implications. Critical
Reviews in Food Science and Nutrition. 28(6): 439-538.

Ruddick, J.E., Vanderstoep, J., Richards, J.F., 1980. Kinet-
ics of thermal degradation of 5-methyltetrahydrofolic
acid. Journal of Food Science. 45: 1019.

SAS Institute Inc. 2001. SAS User’s Guide: Statistics.
SAS Institute, Inc. Cary, USA.



