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High-pressure/high-temperature properties of vitamins in food are important with respect to the new
pressure-assisted thermal sterilization method utilizing pressure-induced adiabatic temperature
changes. Riboflavin, thiamin, and thiamin monophosphate (TMP) stabilities were assayed in the
temperature range from 25 to 100 °C under normal pressure (0.1 MPa) and high pressure (600 MPa)
in acetate-buffered (pH 5.5) model solutions, some with added fructose, hemoglobin, or ascorbic
acid. Thiamin and riboflavin stabilities were also assayed in minced fresh pork fillet and in rehydrated
pork reference material with and without pressure treatment at 600 MPa in the temperature range
from 20 to 100 °C. In pork, the vitamins proved to be sufficiently stabile for high-pressure/high-
temperature processing. Under similar conditions, vitamin decay in model solutions was up to 30
times faster, especially that of TMP. Thus, it appears that it may not be possible to draw conclusions
for the pressure behavior of real food matrices from the results of investigations in food models. A
further consequence is that caution is necessary when supplementing foods with synthetic B vitamins
preceding high-pressure/high-temperature processing.

KEYWORDS: High pressure; high temperature; thiamin; riboflavin; matrix effects; adiabatic

INTRODUCTION

Thiamin (vitamin B1) is a water-soluble vitamin found in most
whole grains that helps maintain a normal metabolism. In food,
the vitamin is found as free thiamin or bound to proteins or to
pyrophosphate as cocarboxylase, all exhibiting different stabili-
ties. Generally, thiamin is sensitive to neutral and alkaline pH,
air or oxygen, or sulfites and to heat; cooking loss including
leaching may be as high as 80% (1-3). B vitamins generally
show high stability in acid solution. Thus, it is possible to
autoclave pork samples at 120°C before analyzing the vitamins.
The loss of vitamin B1 during thermal processing of pork varied
between 15 and 50% and was commonly higher in water than
during cooking in fat. Conventional canning of meat dishes
typically led to vitamin B1 losses from 20 to 40% (4). In model
systems, the thermal decay of thiamin could be characterized
as a first-order reaction (5). This mechanism was also found
for thermal treatments of meat and vegetables at various
conditions (35-138 °C; pH 4-7; water activity, 0.9-0.99).
Reaction rate constants at temperatures from 80 to 140°C were
between 0.0001 and 0.1020 min-1 while activation energies (Ea)
were from 70 to 130 kJ/mol (1-3). Only little data are available
for the influence of high pressure, a new minimal processing
method, on B vitamins. Thiamin and thiamin monophosphate
(TMP) in model solutions (pH 5.5) and also in rehydrated
lyophilized pork were reported to remain unchanged even after

18 h of high-pressure treatment at 600 MPa and 25°C (6). Also,
treatments at lower pressures (200 and 400 MPa) at room
temperature for 30 min had no significant effect on the retention
of thiamin in a model system with pH 6.7 (7). High-pressure
treatment of milk at 20°C and 400 MPa for 30 min resulted in
no significant loss of vitamin B1 (8). At present, no systematic
investigations on the influence of high pressure at elevated
temperatures on thiamin are published.

Riboflavin (vitamin B2) is a water-soluble vitamin present
in most living organisms. It is an active part of different
coenzymes that catalyze many oxidation-reduction reactions.
These coenzymes have essential roles in several dehydrogenases
and oxidases where riboflavin can accept or donate a pair of
hydrogen atoms. Meats, poultry, fish, and dairy products are
all ample sources, but food processing can destroy up to 80%
of this vitamin. The toxicity of riboflavin has never been
reported. In meat, riboflavin often occurs as flavin mononucleo-
tide and flavin adenine dinucleotide bound to phosphate and is
quite stable against heat (3). Under alkaline conditions (pH 8),
especially under the influence of light (UV and visible), decay
is accelerated (16), but the pH of meat during cooking is
normally acidic. The more important cause of cooking losses
of the water-soluble vitamin seems to be due to leaching. On
cooking of pork, thermal losses of riboflavin were found to be
below 10% (3); also, during sterilization, no essential reduction
was found. Assessment of the changes of nutritional and sensory
quality of sprouted alfalfa seed treated by high-pressure revealed
that the values of riboflavin content did not change very much
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as a consequence of pressurization with 500 MPa for 10 min
or the storage period of 21 days (9). At present, data on the
pressure stability of riboflavin, especially in meat and under
elevated temperatures, are very scarce. Additionally, the knowl-
edge of high-pressure/high-temperature properties of vitamins
in food is becoming very important with respect to the new
short-time pressure-assisted thermal sterilization method utilizing
adiabatic temperature effects due to pressure changes (10).

MATERIALS AND METHODS

Preparation of Vitamins B1 and B2 Standard Solutions.Thiamin
chloride hydrochloride (Sigma), TMP chloride dihydrate (Sigma), and
riboflavin (Merck) were dissolved in 0.1 mol of sulfuric acid to give
a final concentration of 100µg/mL. The preparation and composition
of individual model solutions for heat and high-pressure experiments
are described inTable 1.

Preparation of Pork Meat: Lyophilized Pork for Vitamin B 1

Experiments. Samples of about 0.5 g of lyophilized pork purchased
from Community Bureau of Reference (BCR, Brussels) were precisely
weighed and filled into polyethylene bags (∼2 mL); for rehydration,
1.5 mL of water was added, and the bags were then heat sealed.

Preparation of Pork Meat: Pork for Vitamins B 1 and B2

Experiments. Fresh pork fillet (∼500 g) purchased from a local
market was minced and homogenized in a mixer. Samples of about
2.5 g of homogenized pork were precisely weighed into Teflon tubes
(inner diameter, 0.6 cm) and closed with silicon rubber stoppers. All
samples were chilled to 4°C after preparation if not used immediately
and stored until heat and high-pressure treatment and analysis,
respectively.

Heat and High-Pressure Treatment.A high-pressure multivessel
system was used with five autoclaves of 20 mL each for pressures up
to 800 MPa and temperatures up to 100°C manufactured by aad GmbH
(Frankfurt, Germany). The system was fully programmable, allowing
reproducible pressure build-up times (SPS, Siemens, Germany). Pressure
was generated by a multistage pneumatic pressure intensifier. The
pressure transmitting fluid was a mixture of one-third water and two-
thirds of a glycol-based fluid (aad GmbH, Germany). The experiments
were done at 0.1 (normal pressure) and 600 MPa (high pressure).
Vitamin B1 (thiamin and TMP) model solutions and rehydrated
lyophilized pork were treated at 25, 40, and 60°C for 1, 3, and 18 h
while thiamin model solutions in acetate buffer were treated at 80 and
100°C for 15 min only. Vitamin B2 (riboflavin) model solutions were
treated at 25, 40, 60, 80, and 100°C for 15 min only. Pressure build-
up was programmed from 80 s of pressure release to 40 s. Every assay
using model systems and pork samples was independently performed
in at least duplicate. All samples were chilled rapidly (within ap-
proximately 3 min) to 20°C after heat and high-pressure treatment.

Thiamin and TMP model solution samples and rehydrated lyophilized
pork meat were stored at-18 °C up to analysis (5-6 weeks). All other
samples were stored maximally for 1 day at 4°C until analysis.

Analysis of Vitamins. The determinations were carried out by high-
performance liquid chromatography (HPLC) according to refs11-13.
While the model solutions of thiamin, TMP, and riboflavin except
dilution required no further preparation, the B vitamins of pork had to
be extracted for HPLC analysis by acid and enzymatic treatment.

Acid Treatment. Amounts of the pork sample (2.5 g each) were
weighed and quantitatively convicted in a conical flask with 50 mL of
0.1 M hydrochloric acid and autoclaved at∼120°C for 30 min. After
it was cooled to 20°C, the solution was diluted with water to a volume
of 100 mL and filtered (filter paper). For vitamin B1, B2 determination
of 12.5 mL of filtrate was adjusted to pH 4.0 with 2.5 mol/L sodium
acetate, 40 mg of taka-diastase (Pfaltz&Bauer, CT) was added, and it
was incubated at 37°C for 18 h. After it was cooled to 20°C, the
solution was adjusted to pH 3.0 with 0.1 mol of hydrochloric acid and
then diluted with water to 20 mL and filtered (filter paper). Aliquots
of filtrate were ultrafiltered and diluted with methanol (2:1). Because
impurities of vitamin B1 were found in the used taka-diastase, analytical
results given were systematically enzyme blank corrected.

HPLC Determination. The HPLC system consisted of an Agilent
1100 Series binary pump, column oven, autosampler, fluorescence
detector, and an Agilent ChemStation. Vitamin B1 (postcolumn
derivatization method): stationary phase: PurosphereR RP C18, end
capped, 5µm, 250 mm× 4.0 mm (Merck, Darmstadt, Germany);
mobile phase: methanol:0.01 mol of ammonium phosphate buffer (pH
3.5), containing 1 g of tetraethyl ammonium chloride (Sigma) and 1 g
of sodium heptanesulfonate (Sigma)/L (30:70); flow rate, 1.5 mL;
injection, 2 µL (1-10 ng of thiamin); postcolumn reagent, 0.4 g/L
potassium hexacyanoferrate(III) (Sigma) solved in 15% sodium hy-
droxide solution; flow rate (pump 2), 0.3 mL/min; reactor, tefzel
capillary (2.5 m, 0.33 mm i.d.); fluorometric detection, 365 nm
(excitation), 435 nm (emission); and retention time,∼1.6 min of TMP
and 7.2 min of thiamin. Vitamin B2: The stationary phase was the
same as for vitamin B1; mobile phase: methanol:0.01 mol of ammonium
phosphate buffer (pH 3.5), containing 1 g of tetraethyl ammonium
chloride (Sigma) and 1 g of sodium heptanesulfonate (Sigma)/L (25:
75); flow rate, 1.5 mL; injection, 20µL (1-5 ng of riboflavin);
fluorometric detection, 450 nm (excitation), 525 nm (emission); and
retention time of riboflavin,∼9.2 min.

Statistical Analysis. All reactions were performed in at least
triplicate, and duplicate samplings were made to every reacted sample
for HPLC elution. Data were presented as means with standard
deviations and significance levels. Statistical significance was tested
using advanced statistical package of Microsoft Office software,
Student’st test.

Table 1. Preparation and Composition of Vitamins B1 and B2 Model Solutions

model solution preparation and composition

thiamin or TMP
in 0.2 mol/L sodium acetate
buffer (pH 5.5)

10 mL of thiamin or TMP standard solution was adjusted
with 2.5 mol/L sodium acetate to pH 5.5 and diluted with distilled
water to 100 mL ()10 µg thiamin or TMP/mL)

thiamin or TMP in
0.2 mol/L sodium acetate buffer
(pH 5.5) containing fructose

1.8 g of fructose (Merck) was dissolved in 10 mL of thiamin or thiamin
monophosphate standard solution, adjusted with 2.5 mol/L sodium
acetate to pH 5.5, and diluted with distilled water to 100 mL
()10 µg thiamin or TMP and 18 mg fructose/mL)

thiamin or TMP in
0.2 mol/L sodium acetate buffer
(pH 5.5) containing hemoglobin

1.5 g of hemoglobin (Sigma) was dissolved in 10 mL of thiamin or thiamin
monophosphate standard solution, adjusted with 2.5 mol/L sodium
acetate to pH 5.5, and diluted with distilled water to 100 mL
()10 µg thiamin or TMP and 15 mg hemoglobin/mL)

thiamin or TMP in
0.2 mol/L sodium acetate buffer
(pH 5.5) containing ascorbic acid

100 mg of L-ascorbic acid (Aldrich) was dissolved in 10 mL of thiamin chloride
hydrochloride or TMP standard solution, adjusted with
2.5 mol/L sodium acetate to pH 5.5, and diluted with distilled water to 100 mL
()10 µg thiamin or TMP and 1 mg L-ascorbic acid/mL)

riboflavin in 0.2 mol/L sodium acetate
buffer (pH 5.5)

10 mL of riboflavin standard solution was adjusted with 2.5 mol/L sodium acetate
to pH 5.5 and diluted with distilled water to 100 mL ()10 µg riboflavin/mL)
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RESULTS AND DISCUSSION

Thiamin and TMP in Model Solutions. Table 2 shows the
thiamin and TMP retention vs treatment time at 25, 40, and 60
°C under normal pressure (0.1 MPa) and high pressure (600
MPa) in 0.2 mol/L acetate buffer (pH 5.5) containing fructose,
hemoglobin, and ascorbic acid. In correspondence to earlier
results (6), no changes in the concentrations of thiamin and TMP
were found at 25°C neither at 0.1 MPa nor under high pressure
(600 MPa) and not even after 18 h of treatment. However, at
temperatures of 40°C and above, the high-pressure treatment
markedly accelerated the degradation rate of thiamine and
especially that of TMP in these model systems. The reactions
followed first-order kinetics in the temperature range from 25
to 60 °C with and without pressure where the goodness of fit
of exponential regression was generallyR2 > 0.98. Reaction
rate constants (k) and activation energy (Ea) were evaluated by
regression and by using the Arrhenius model (seeTable 4).

Under pressure, the rate constants were always higher (from
30% to about 4-fold). All used model solutions of TMP were
much more pressure sensitive at 40 and 60°C than the
corresponding thiamin model solutions. Independent of the
further additives, TMP decay at those temperatures was
substantially higher than that of thiamin. Ascorbic acid as an
additive seemed to catalyze the thermal decay of thiamine as
well as of TMP with or without pressure. The increased losses
in presence of ascorbic acid may be explained by oxidation of
ascorbic acid to dehydroascorbic acid through residual oxygen
and subsequent oxidative decay of thiamine and TMP by action
of dehydroascorbic acid (14).

Thiamin and TMP in Pork. Vitamin B1 content in untreated
pork fillet used for the experiments ranged at about 0.87 mg/
100 g (variation coefficient∼2%) and corresponded to literature
values for pure pork. InTable 3, retention data for vitamin B1
in rehydrated pork lyophilizate and in fresh minced pork fillet

Table 2. Effect of High-Pressure Treatment at Elevated Temperatures on Vitamin B1 (Thiamin and TMP) Content in Model Solutions of pH 5.5

relative content (%)a

treatment thiamin
thiamin

monophosphate

model solutions
temp
(°C)

pressure
(MPa)

time
(min) x s x s n

thiamin or TMP
in sodium acetate buffer
(pH 5.5) containing fructose,
hemoglobin, and ascorbic acid

∼20 0.1 untreated 100.0 2.9 100b 3.0 9

25 0.1 1080 100.0 3.0 99.0 3.0 9/9

25 600 1080 100.0 3.0 99.0 3.0 9/9

thiamin or TMP
in sodium acetate buffer
(pH 5.5) containing fructose
and hemoglobin

40 0.1 60 100.0 2.4 98.7 2.8 9/8

40 0.1 180 99.4 2.8 95.2* 2.5 9/9

40 0.1 1080 97.0* 2.3 83.2** 2.5 8/8

thiamin or TMP
in sodium acetate buffer
(pH 5.5) containing fructose
and hemoglobin

40 600 60 99.4 3.0 98.3 2.9 8/6

40 600 180 98.5 2.8 94.1** 3.0 8/7

40 600 1080 92.5*** 2.5 77.0*** 2.5 8/8

thiamin or TMP
in sodium acetate buffer
(pH 5.5) containing
ascorbic acid

40 0.1 60 98.5 2.0 98.0 2.0 2/3

40 0.1 180 96.3 2.5 94.1 2.4 3/2

40 0.1 1080 94.0* 2.0 81.0* 2.0 3/3

thiamin or TMP
in sodium acetate buffer
(pH 5.5) containing
ascorbic acid

40 600 60 96.8 3.0 88.4* 2.8 2/3

40 600 180 90.2* 2.0 81.3** 2.7 3/2

40 600 1080 87.0** 2.5 73.5** 2.2 3/2

thiamin or TMP
in sodium acetate buffer
(pH 5.5) containing fructose
and hemoglobin

60 0.1 60 99.7 2.7 85.2 2.3 10/8

60 0.1 180 98.5 2.5 82.3 2.4 8/9

60 0.1 1080 91.0*** 2.0 75.6 2.6 9/6

thiamin or TMP
in sodium acetate buffer
(pH 5.5) containing fructose
and hemoglobin

60 600 60 98.5 2.5 82.3 2.8 12/8

60 600 180 96.0* 2.2 76.3 2.2 9/8

60 600 1080 84.0*** 2.0 65.8 2.3 7/6

thiamin or TMP
in sodium acetate buffer
(pH 5.5) containing
L-ascorbic acid

60 0.1 60 95.6 2.5 81.0 2.4 3/3

60 0.1 180 84.0** 2.0 78.0 3.0 3/2

60 0.1 1080 80.0** 2.0 71.0 2.5 3/3

thiamin or TMP
in sodium acetate buffer
(pH 5.5) containing
L-ascorbic acid

60 600 60 94.0* 2.7 74.0 2.2 3/3

60 600 180 80.4** 2.5 69.0 2.0 3/2

60 600 1080 72.0** 2.2 63.0 2.2 2/2

thiamin or TMP
in sodium acetate buffer
(pH 5.5) containing fructose
and hemoglobin

80 0.1 15 99.6 3.1 5
80 600 15 98.5 2.8 5

100 0.1 15 98.0 3.0 5
100 600 15 94.5* 2.7 5

a Related to content in untreated samples [relative content in % ) (Ci/C0) × 100], where C0 ) content in untreated samples; Ci ) content in samples after treatment;
and n ) number of analyses. b Composition of untreated samples; see Table 1; x ) mean value; s ) standard deviation or range of variation. *, **, and ***, significantly
different from untreated sample at p < 0.5, p < 0.1, and p < 0.01.
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Table 3. Effect of High-Pressure Treatment at Elevated Temperature on Vitamin B1 Content of Pork Meat

vitamin B1
a

treatment content (mg/100 g) retention in %b

sample temp (°C) pressure (MPa) time (min) x s x s n

pork lyophyllisate,
rehydrated
(BCR reference)

∼20 0.1 untreated 0.697c 0.017 100.0 2.4 4
20 0.1/600 1080 0.699 0.018 100.2 2.5 8
40 0.1/600 1080 0.695 0.015 99.7 2.1 8
60 0.1 1080 0.630 0.019 88.5*** 2.2 4
60 600 1080 0.596 0.018 82.3*** 2.6 4

pork filet, fresh,
minced

∼20 0.1 untreated 0.870c 0.016 100.0 0.9 5
25 0.1/600 45 0.870 0.009 100.0 0.5 2/2
60 0.1 15 0.870 0.006 100.0 0.3 2
60 0.1 30 0.867 0.005 99.7 0.3 2
60 0.1 45 0.865 0.004 99.4 0.2 2
60 600 15 0.865 0.003 99.4 0.2 2
60 600 30 0.862 0.004 99.1 0.2 2
60 600 45 0.860 0.004 98.8 0.2 2
80 0.1 15 0.864 0.004 99.3 0.2 2
80 0.1 30 0.858 0.004 98.6 0.2 2
80 0.1 45 0.844 0.003 97.0* 0.2 2
80 600 15 0.860 0.005 98.8 0.3 2
80 600 30 0.847 0.003 97.4* 0.2 2
80 600 45 0.830 0.003 95.4** 0.2 2

100 0.1 15 0.786 0.003 93.2*** 0.2 2
100 0.1 30 0.762 0.003 87.6*** 0.2 2
100 0.1 45 0.728 0.004 83.7*** 0.2 2
100 600 30 0.782 0.005 89.9*** 0.3 2
100 600 30 0.727 0.003 83.6*** 0.2 2
100 600 45 0.679 0.003 78.0*** 0.2 2

a Calculated as thiamin chloride hydrochloride. b Related to vitamin B1 content in untreated samples; retention in % ) (Ci/C0) × 100. c C0 ) content of vitamin B1 in
untreated samples; x ) mean value; ± ) standard deviation (n < 3, range of variation); and n ) number of analyses. *, **, and ***, significantly different from untreated
sample at p < 0.5, p < 0.1, and p < 0.01.

Table 4. Rate Constants (k), Activation Energies (Ea), and 10% Loss Time Intervals (H10) for Vitamin B1 Degradation in Model Systems and in Pork
Meat Treated by Heat and High Pressurea

treatment 0.1 MPa 600 MPa

sample
temp
(°C)

range
(min)

k × 10-3

(min-1)
Ea

(kJ/mol)
H10

(min)
k × 10-3

(min-1)
Ea

(kJ/mol)
H10

(min)

thiamin model solutions
(pH 5.5) containing
fructose and
hemoglobin

25 0−1080 0 0
40 0−1080 0.028 ∼3570 0.073 ∼1370
60 0−1080 0.087 49 ∼1150 0.157 33 640
80 0−15 0.267 57 ∼375 1.483 91 ∼99

100 0−15 1.008 88 ∼74 3.420 72 ∼27

thiamin model solution
(pH 5.5) containing
ascorbic acid

25 0−1080
40 0−180 0.203 67 ∼560 0.570 32 175

180−1080 0.173 0.245
60 0−180 0.947 175 1.211 84

180−1080 0.041 0.123
TMP

model solutions
(pH 5.5) containing
fructose and
hemoglobin

25 0−1080 0.009 ∼185a 0.009 ∼185a

40 0−180 0.268 108 ∼600) 0.342 100 ∼420
180−1080 0.166 0.238

60 0−60 2.669 37 3.247 31
60−1080 0.109 0.199

TMP
model solution
(pH 5.5) containing
ascorbic acid

25 0−1080 0.009 ∼185a 0.009 ∼185a

40 0−60 0.337 187 ∼297 2.055 281 ∼175a

60−180 0.338 0.698
180−1080 0.167 0.011

60 0−60 3.510 102 28 5.018 39 20
60−1080 0.315 0.583
60−1080 0.101 0.104

pork meat lyophyllisate,
rehydrated (BCR
reference)

25 0−1080 0 0
40 0−1080 0.020 71 ∼83a 0.020 91 ∼83a

60 0−1080 0.110 909 0.180 91 555

pork meat filet, fresh,
minced

25 0−45 0 0
60 0−45 0.115 81 ∼870 0.287 81 ∼348
80 0−45 0.602 92 ∼166 0.981 81 ∼102

100 0−45 4.138 105 24 5.762 98 17
pork pureeb 120 0−45 20.4 108 5

a Hours. b Ref 2; ∼, estimated value; k1, constant of relative reaction velocity calculated by regression (y ) 100ekt); H10 value, time for 10% reduction of vitamin B1

content ) (ln 10/9)/k ) ∼ 0.1/k; Ea, activation energy ) (R × T1 × T2/T2−T1) × ln k2/k1); R ) 8.309 J/°C; T ) temperature (Kelvin).
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are given. At 20-25 °C, vitamin B1 was stable under pressure
as well as without pressure. Treatments of lyophilizate at 40
°C and 0.1 or 600 MPa showed only minor decay even after 18
h of treatment. According to the calculated rate constants given
in Table 4, treatment time of about 83 h would be afforded for
10% decay (H10). Retention (%) and treatment time at all used
temperatures and pressures showed a good exponential correla-
tion indicating first-order reactions. At 60°C with and without
pressure, when comparing H10 times, losses in both kinds of
meat samples were similar and clearly higher than those in
thiamin model solutions containing fructose and hemoglobin.
However, they were substantially lower than in model solutions
containing ascorbic acid and all containing TMP. After 15 min
of pressure treatment of minced pork at 600 MPa and 100°C,
a vitamin B1 loss of about 10% is to be expected. In contrast,
conventional heat sterilization (20 min at 121°C) may cause
losses up to 45%.

Vitamin B 2 (Riboflavin). Table 5 summarizes the effects
of high-pressure treatment at elevated temperatures on vitamin
B2 content in buffer solutions and in minced fresh pork meat.
Riboflavin in buffer solutions of pH 5.5 overcomes 15 min
treatments at temperatures from 20 to 100°C and 0.1 and 600
MPa without any loss. In fresh minced pork, the initial riboflavin
content was between 130 and 170 mg/100 g according also to
literature values. Interestingly, the content increased by 40%
within 45 min after preparation without any treatment (25°C).
Under pressure, the increase was a little smaller (30%). This

behavior was also found at the higher temperatures of 60, 89,
and 100°C with the main increase within the first 15 min of
treatment. The increase of riboflavin is obviously caused by
liberation of chemically or physically bound vitamin and may
be interpreted as a matrix effect, the mechanism of which was
not investigated in this work. It is concluded that in fresh minced
pork fillet as well as in rehydrated lyophilized pork, thiamin
was found to be protected from destruction due to heat and/or
pressure through matrix effects. However, while at 600 MPa
and 60°C, rehydrated pork needed 550 min for 10% vitamin
loss, and the model solution containing TMP and ascorbic acid
showed the same decay within 20 min, which is nearly 30 times
faster! Regarding, for example, a recent fatal incidence with
thiamin-deficient soy-based infant formula (15), this has to be
taken into account when infant formula is supplemented with
vitamin B1. A further consequence is that it may be not possible
to draw conclusions for the pressure behavior of real food
matrices from the results of investigations in food models.
Riboflavin is known to be heat-resistant, and in this work, it is
demonstrated to be also pressure-resistant under elevated
temperatures. Pressure and heat in this case were found to cause
the liberation of bound vitamin from the food matrix.
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Table 5. Influence of High-Pressure Treatment at Elevated
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