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SHORT COMMUNICATIONS

Effect of microwave heating on vitamins A, E, B15 B2 and B6 in milk

BY ROBERT SIEBER, PIUS EBERHARD, DORIS FUCHS,
PETER URS GALLMANN AND WALTER STRAHM

Eidgenossische Forschungsanstalt fur Milchwirtschaft, Schwarzenburgstrasse 161,
CH-3097 Liebefeld-Bern, Schweiz

(Received 9 May 1995 and accepted for publication 18 August 1995)

The use of microwaves is a very convenient method of heat treating food, and is
also used for heating milk. The effect of this process on the components of milk has
been extensively reviewed (Sieber et al. 1995). Like every heat treatment, microwave
energy influences the vitamin content: vitamins Bj and B6 are especially sensitive,
vitamins A and E to a lesser extent. The effect of microwaves on the vitamins in milk
has been the subject of many recent investigations (Demel et al. 1990; Sigman-Grant
et al. 1992; Brinkmann et al. 1993; Sieber et al. 1993; Vidal-Valverde & Redondo,
1993; Wagner et al. 1993; Medrano et al. 1994). No loss of vitamins A, Bv B2 or
/^-carotene after microwave heating of milk was found by Demel et al. (1990), Medrano
et al. (1994) or Sieber et al. (1993). In infant formula, Sigman-Grant et al. (1992)
reached the same conclusion for vitamins B2 and C. Some authors have reported a
significant loss of vitamin A (Brinkmann et al. 1993; Wagner et al. 1993; Medrano et
al. 1994), vitamin Bx (Vidal-Valverde & Redondo, 1993), vitamin E (Demel et al.
1990), vitamin B2 (Medrano et al. 1994), vitamin B12 (Steiner et al. 1993a) and
vitamin C (Demel et al. 1990; Sieber et al. 1993). Vidal-Valverde & Redondo (1993)
reported a thiamin loss of > 50% in whole milk and 65% in skim milk after
microwave heat treatment at 80 °C for 4 min. These results are surprising in view of
the effects of conventional heat treatments (Tagliaferri et al. 1992a).

In the present investigation we studied the effect of microwave heat treatment of
pasteurized milk with a household microwave oven on the content of various
vitamins.

MATERIALS AND METHODS
Milk samples

Two batches of commercial pasteurized whole milk (42-0 and 42-3 g fat/kg) were
treated on two separate days. Two samples of 150 and 500 ml in 250 (diam. 55 mm)
and 800 ml (diam. 95 mm) glass beakers were exposed to microwave radiation of
520 W at 2450 MHz (Model NF 4076, Electrolux, CH-5506 Magenwil) with no special
protection from light. Details of the equipment used have been given elsewhere
(Eberhard et al. 1990). A temperature of ~ 83 °C was maintained for 4 min. The milk
was cooled in ice water after heat treatment.
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Table 1. Influence of microwave heat treatment of milk on the content of vitamins
A,E,BvBaandBe

(Values are means with SD for n = 4)

Vitamin A, i.u./l
Vitamin E, mg/1
Vitamin B,, mg/1
Vitamin B2, mg/1
Pyridoxamine, /«g/l
Pyridoxal, /«g/l

Control
1606 + 23
0-81 ±002
0-20 ±002
1-56 ±002
52-5 ±21
207 ±5

With 150 ml milk
1550 ±30
0-84 ±002
0-21+001
1-64 + 0-06
61-3±7-8
217 ±30

With 500 ml milk
1567 ±35
0-85 ±002
0-21 ±001
1-63 ±0-05
58-3 ±10-4
200 ±25

Determination of total nitrogen, non-casein nitrogen and vitamins

Total nitrogen and non-casein nitrogen were determined after Collomb et al.
(1990), vitamins Bx and B2 by HPLC using the methods of Tagliaferri et al.
(1992a, b), B6 by HPLC according to Bognar (1985) and vitamins A and E by HPLC
(Biitikofer & Bosset, 1994).

Temperature course

Temperature changes were recorded by a data logger (Mikromek, Suprag AG,
CH-8051 Zurich).

RESULTS AND DISCUSSION

The mean times to reach a temperature of ~ 83 °C in the centre of the beaker
were 2 and 4 min for the two volumes. Mean temperatures of 78+ 1 °C (150 ml) and
81 +2 °C (500 ml) were measured during the holding time of 4 min.

Total nitrogen was not affected by the microwave heat treatment. The content
of non-casein nitrogen decreased from 64-5±0-7 to 433±17 (150ml) and to
39-3 +1-5 mmol/kg (500 ml). There was no loss of vitamins E, Bx, B2 or pyridoxamine
after microwave treatment (pyridoxine was not found in milk). Vitamin A decreased
by 3-5 (150 ml) and 2 4 % (500 ml), pyridoxal by 3-1% in the 500 ml sample (see
Table 1).

These results agree with most reports on the effect of microwave heat treatment
on vitamins in milk. Demel et al. (1990) found no or only negligible decrease of
vitamins A, Bx and B2. Medrano et al. (1994) reached the same conclusion for vitamin B2

and Sieber et al. (1993) for vitamin ~BV These results strongly contrast with reports
claiming significant losses of specific vitamins by microwaves, e.g. vitamins A and E,
thiamin and riboflavin (Table 2). For thiamin, it is known that classic pasteurization
does not reduce the content by more than 10% (Tagliaferri et al. 1992a). However,
higher losses were found by Wodsack (1960) and Haddad & Loewenstein (1983).
Horak (1980) showed in an extensive investigation on UHT milk that thiamin is only
affected by extreme time and temperature conditions, and found thiamin losses of
10% under the following conditions: 120 °C for 400 s, 130 °C for 100 s, 140 °C for
100 s and 150 °C for 50 s. For microwave heating of foodstuffs other than milk, such
as rice, bread and potatoes, no significant losses of vitamins Bj, B2 and B6 have been
reported (Steiner et al. 19936).

Our investigation shows that heat treatment of milk in household microwave
ovens does not damage vitamins A, E, Bj, B2 and B6. The high thiamin loss reported
by Vidal-Valverde & Redondo (1993) could not be confirmed. The differences cannot
be explained by different energy input (180 W lower in this study). The almost
negligible influence of varying microwave power has been shown in meat with two
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ovens of 2000 and 940 W. The difference of 1060 W caused differences in thiamin
contents of only 2% in minced pork, 5% in pork steak and 4% in chicken (Uherova
et al. 1993). The high thiamin loss reported by Vidal-Valverde & Redondo (1993) is
probably due to the use of a u.v. method for vitamin determination. The fluorescence
procedure used in the present investigation seems more reliable for this application.

REFERENCES

BOGNAR, A. 1985 [Determination of vitamin B6 in foods by high performance liquid chromatography.]
Zeitschrift fur Lebensmittel-Untersuchung und -Forschung 181 200-205

BRINKMANN, E., OEI, H. B., DEHNE, L., TIEBACH, R. & BALTES, W. 1993 [Influence of heat treatment on the
content and activity of vitamin A of liver and milk.] In [Vitamins and Other Additives for Man and Animal,]
pp. 44-48 (Eds G. Flachowsky and R. Schubert). Jena: Friedrich-Schiller-Universitat

BUTIKOFER, U. & BOSSET, J.-O. 1994 [HPLC methods for quality assurance of milk and dairy products.]
Mitteilungen aus dem Gebiete der Lebensmitteluntersuchung und Hygiene 85 594-607

COLLOMB, M., SPAHNI-REY, M. & STEIGER, G. 1990 [Determination of the nitrogen content according to
Kjeldahl in milk products and in some of their nitrogen containing fractions with an automated system.]
Mitteilungen aus dem Gebiete der Lebensviitteluntersuchung und Hygiene 81 499-509

DEMEL, S., STEINER, I., WASHUTTL, J. & KROYER, G. 1990 [Chemical and microbiological investigations of
microwave heat-treated milk.] Zeitschrift filr Ernahrungswissenscliaft 29 299-303

EBERHARD, P., STRAHM, W. & SIEBER, R. 1990 [Microwave home pasteurization of milk and cream.]
Milchwissenschaft 45 768-771

HADDAD, G. S. & LOEWENSTEIN, M. 1983 Effect of several heat treatments and frozen storage on thiamine,
riboflavin, and ascorbic acid content of milk. Journal of Dairy Science 66 1601-1606

HORAK, F. P. 1980 [On the Reaction Kinetics of Spore Destruction and Chemical Changes during Preservation of
Milk for Optimizing Heat Treatment Procedures.] Thesis, Technisehe Universitat Miinchen

MEDRANO, A., HERNANDEZ, A., PRODANOV, M. & VIDAL-VALVERDE, C. 1994 Riboflavin, a-tocopherol and
retinol retention in milk after microwave heating. Lait 74 153-159

SIEBER, R., EBERHARD, P. & GALLMANN, P. U. 1995 Heat treatment of milk in domestic microwave ovens a
review. International Dairy Journal In press

SIEBER, R., EBERHARD, P. & STRAHM, W. 1993 [Microwave treatment of milk: zonal differences and influence
of stirring.] Erndhrung 17 83-86

SIGMAN-GRANT, M., BUSH, G. & ANANTHESWARAN, R. 1992 Microwave heating of infant formula: a dilemma
resolved. Pediatrics 90 412-415

STEINER, I., EHYA, N., MAJLESI, Y. & WASHUTTL, J. 1993a [Content of vitamin B12 in microwave treated
food.] Erndhrung 17 666-668

STEINER, L, HRUSOHKA, G., WASHUTTL, J. & KROYER, G. 19936 [Selected B vitamins in foodstuffs after
conventional cooking and microwave treatment.] Ernahrung 17 221-225

TAGLIAFERRI, E., BOSSET, J. 0., EBERHARD, P., BUTIKOFER, U. & SIEBER, R. 1992« [Evaluation of criteria
of milk deterioration after various heat and mechanical treatments as well as light exposure of different
durations. Part II. Determination of vitamin Bl using a new developed RP-HPLC method.] Mitteilungen aus
dem Gebiete der Lebensmitteluntersuchung und Hygiene 83 435-452

TAGLIAFERRI, E., BOSSET, J. O., EBERHARD, P., BUTIKOFER, U. & SIEBER, R. 19926 [Evaluation of criteria
of milk deterioration after various heat and mechanical treatments as well as light exposure of different
durations. Part III. Determination of vitamin B2 using a new developed RP-HPLC method.] Mitteilungen aus
dem Gebiete der Lebensmitteluntersuchung und Hygiene 83 467-491

UHEROVA, R., HOZOVA, B. & SMIRNOV, V. 1993 The effect of microwave heating on retention of some B
vitamins. Food Chemistry 46 293-295

VIDAL-VALVERDE, C. & REDONDO, P. 1993 Effect of microwave heating on the thiamin content of cows' milk.
Journal of Dairy Research 60 259-262

WAGNER, K., GRAF, H., SCHAAHMANN, G. & FLACHOWSKY, G. 1993 [Influence of cooking and microwave
treatmenton the vitamin A content of milk.] In [Vitamins and Other Additives for Man and Animal,] pp. 49 52
(Eds G. Flachowsky and R. Schubert). Jena: Friedrieh-Sehiller-Universitat

WODSAK, W. 1960 [Keeping quality of milk vitamins after pasteurisation, sterilization and manufacturing of
condensed milk.] Nahrung 4 209-224

available at https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0022029900031642
Downloaded from https:/www.cambridge.org/core. University of Basel Library, on 11 Jul 2017 at 08:01:15, subject to the Cambridge Core terms of use,

https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0022029900031642
https:/www.cambridge.org/core

