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THE QUANTITATIVE AND QUALITATIVE CHANGES OF THIAMINE IN STERILIZED PORK 
IN THE PRESENCE OF SELECTED TECHNOLOGICAL ADDITIVES
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The aim of the work was to determine the effect of sterilization of pork in the presence of oxidized lard and selected antioxidants on quanti-
tative and qualitative changes of thiamine in pork. The antioxidants were casein hydrolysate and rosemary extract.

It was found that sterilization itself caused the greatest losses in both forms of thiamine. In the case of adding fresh lard to the meat, the total
thiamine losses were 58%, and introduction of the oxidized fat increased the losses to 63%. The bound thiamine determined the size of the
losses. Application of rosemary extract with fresh fat during thermal processing lowered the loss of the bound thiamine by 5%, while casein
hydrolysate contributed to decreasing the loss of the bound thiamine by 4.5%. In the presence of the oxidized fat, a similar protective activity with
respect to thiamine of both antioxidants was found with better effect obtained with casein hydrolysate.

INTRODUCTION

Measurement of group B vitamins is, besides amino acid
composition, a basic index of nutritive value of meat and its
products. This particularly concerns thiamine which is
related to the fact that, besides cereals, slaughter animal
meat is the main source of this vitamin in a human diet.
Taking into account the need to prolong storage time of
meat products, fat oxidation accelerated by the thermal
processing gains more importance. It is well known that
oxidative transformations constitute a serious technological
problem contributing to lowering sensory parameters of
fats, lowering their nutritive and even wholesome value
[Janitz, 1987; Janitz et al., 1990; Kappus, 1991; Ziemlaƒski
& Budzyƒska-Topolowska, 1991; Frankel, 1996].

Directed by the above premises a study on the effect of
fat oxidation products on quantitative changes of thiamine
was started, mainly with respect to unfavourable effect of
high temperature [Dwivedi & Arnold, 1972; Seuß, 1984;
Szymandera-Buszka & Janitz, 1999]. During frying, the
losses caused by high temperature are intensified by activi-
ty of the resulting products of fat oxidation and amount
from 10 to 50% [Bognar, 1978; Howarter & Klein, 1978;
Bowers & Craig; 1987; Cooksey et al., 1990]. During
storage of beef with an addition of oxidized oil, an increase
in the losses of total thiamine by 40–50% was observed
at greater susceptibility of bound thiamine to decomposition
[Szymandera-Buszka, 1998].

The thiamine losses caused by the activity of the fat
oxidation products result from high sensitivity of thiamine
to oxido-reductive factors [Dwivedi & Arnold, 1972].
Introduction of casein hydrolysate, soy hydrolysate or
rosemary extract as antioxidant substances [Koziorowska,
1988; Pikul, 1992; Pokorny et al., 1998] facilitates lowering

the thiamine losses related to present fat, by about 5%
[Szymandera-Buszka & Janitz, 1999].

Considering the fact that slaughter animal meat is one of
the main sources of thiamine in a human diet, recognition
of the scale of mutual effects of technological factors on
thiamine content in meat products becomes a necessity
resulting from nutritive and wholesome premises.

The aim of the work was to determine the effect of pork
sterilization process in the presence of oxidized lard and
selected antioxidants on the quantitative and qualitative
changes in thiamine. Casein hydrolysate and rosemary
extract were used as antioxidants.

MATERIALS AND METHODS

In the study, pork – m. longissimus dorsi was the source
of thiamine. Each muscle was divided into two parts along
the longer axis.

To add technological components, the meat was previously
comminuted with a mincer with 2 mm mesh. The minced
meat mass was precisely mixed with each component.

Quantitative proportion and variability of each component
was as follows: (I) pork lard – fresh with Lea number = 0.5
(obtained with a scraper method in the Meat Processing
Plant “Pozmeat” in Poznaƒ, Poland) was added in the
proportion of 30 g/70 g of meat; (II) pork lard – oxidized,
obtained from incubation at a temperature of 60±1°C till
obtaining the Lea number of 15, was mixed with the meat in
the proportion of 30 g/70 g of meat; (III) casein hydrolysate
(Bestfoods POLSKA “Amino”) with total nitrogen content
of 3.04%, and amino nitrogen 1.72%, which was introduced
in liquid form in the proportion of 2 g/100 g of meat; and
(IV) rosemary extract (Rosmarinus officinalis-Labitate)
obtained using ethanol extraction (0.5 kg dry comminuted
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mass of rosemary was washed with 1000 cm3 of 96% ethanol,
macerated for 24 h and then the solvent was evaporated
at 50–60°C). The extract was added in the proportion of
20 mg/100 g of meat.

After mixing with the above-mentioned components,
the meat was placed in glass jars (170 cm3) with twist-off
type cap (ca. 55 mm diameter). The painted-black jars
containing 100 g of meat were closed in nitrogen atmosphere.
Sterilization was carried out in an autoclave at 121°C for
20 min taking into account the time needed for heating up
and cooling.

The thiamine content was determined with a thiochro-
mium method by analyzing quantitative changes in total and
free thiamine [Rettenmaier et al., 1979; Janitz, 1985].
The amount of the bound thiamine was calculated from the
difference between the total thiamine and the free one.
The results of thiamine content were presented as recalcu-
lated into fat-free dry mass. Therefore the water content
was determined with the drier method [PN-ISO 1442:
2000], and that of fat with the extraction-weight method
according to Soxhlet using petroleum benzine as a solvent
[PN-ISO 1444: 2000].

The obtained results of thiamine content were subjected
to an analysis of variance at a significance level of α=0.01. 

RESULTS AND DISCUSSION

The efficay of the protective activity of rosemary extract
and casein hydrolysate with respect to thiamine during ste-
rilization in the presence of oxidized lard is given in Table 1
and in Figure 1.

On the basis of the results presented, it is possible to
state that the sterilization process causes the greatest losses
of both forms of thiamine, which supports earlier studies
[Janitz, 1978], and the presence of the products of fat
oxidation intensifies the unfavourable effect of thermal
processing.

The sterilization process, disrupting thiazole ring,
caused losses of the total thiamine reaching 58% in the case
of adding fresh lard to the meat, while addition of the
oxidized fat further increased the total thiamine loss up to
63%. The losses were mainly related to the bound thiamine
whose reduction in the case of the presence of fresh and
oxidised lard amounted to 84% and 89%, respectively. Free
thiamine revealed lower susceptibility to decomposition in
the presence of the discussed factors, being degraded in

48% in the presence of the fresh lard and in 54% after addi-
tion of oxidized fat. It should be supposed that during
thermal processing in the presence of the oxidized fat,
thiamine is partially protected by peptides and free amino
acids, such as cysteine, formed due to protein fragmentation
[Janitz & Czy˝ewska, 1983]. 

Confirmation of an unfavorable effect of fat oxidation
products on the content of both free and bound thiamine is

TABLE 1. Effect of oxidized lard and selected antioxidants on the quantitative and qualitative changes in thiamine in meat during sterilization.

Technological processing Thiamine content [mg/100g free-fat dry matter]

Total Free form Bound form

xt % xf % xt – xf %

Meat sterilized without additives 1.86a* 46.97 1.62a 55.29 0.24 23.30

Meat sterilized+ fresh lard without additives 1.68c 42.42 1.52b 51.88 0.16 15.79

+ casein hydrolyzate 1.79b 45.20 1.59a 54.27 0.20 19.42

+ rosemary extract 1.82b 45.96 1.61a 54.95 0.21 20.86

Meat sterilized + oxidized lard without additives 1.46e 36.87 1.35d 46.08 0.11 10.68

+ casein hydrolyzate 1.66c 41.92 1.51b 51.54 0.15 15.79

+ rosemary extract 1.56d 39.39 1.42c 48.46 0.14 13.84

% – thiamine content as compared to its content in raw meat, * – the means marked with different letters in the same column are statistically
significantly different at p<0.01.
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FIGURE 1. Quantitative and qualitative losses of thiamine in meat
sterilized in the presence of oxidized lard and selected antioxidants.
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lowereing the losses due to the application of antioxidants
[Zwierzykowski, 1976; Pazo∏a & Korczak, 1987; Amarowicz
& Shahidi, 1997; Korczak, 1998, 2000; Korczak et al., 1999].
The application of rosemary extract as an antioxidant
limiting formation of peroxides, during thermal processing
with an addition of fresh fat, limited losses of the free
thiamine by 3%, and of the bound one by 5%. Due to
reactions of amino acids, peptides and products of the
Maillard’s reaction, casein hydrolysate  brought about lowe-
ring of the free thiamine by 2.5%, and of the bound one by
4.5%.

In the environment with an addition of oxidized fat,
protective activity of both antioxidants with respect to thia-
mine was found, with predomination of casein hydrolysate.
Amino groups of casein hydrolysate lowered the losses of
both free and bound thiamine by 5% by means of decom-
position of peroxides. The application of rosemary extract
resulted in lowering the free thiamine by 2%, and of the
bound one by 3%.

CONCLUSIONS

The results obtained allowed, the following conclusions
to be drawn:

1. The application of sterilization as thermal processing
causes losses in the total thiamine of over 50%, with greater
susceptibility to decomposition revealed by the bound
thiamine.

2. Introduction of oxidized lard as a source of products
of fat oxidation increased the total thiamine losses to 63%.
This concerns the bound thiamine more than the free one.

3. The addition of casein hydrolysate and rosemary
extract to meat affects lowering the quantitative losses of
both free and bound thiamine caused by the fat introduced
during thermal processing.
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ZMIANY ILOÂCIOWE I JAKOÂCIOWE TIAMINY W STERYLIZOWANYM MI¢SIE WIEPRZOWYM
W OBECNOÂCI WYBRANYCH DODATKÓW TECHNOLOGICZNYCH

Krystyna Szymandera-Buszka

Katedra Technologii ˚ywienia Cz∏owieka, Akademia Rolnicza im. Augusta Cieszkowskiego, Poznaƒ

Celem pracy by∏o okreÊlenie wp∏ywu zabiegu sterylizacji mi´sa wieprzowego w obecnoÊci utlenionego smalcu i wybranych
przeciwutleniaczy na zmiany iloÊciowe i jakoÊciowe tiaminy w mi´sie wieprzowym. Jako przeciwutleniacze wykorzystano
hydrolizat kazeiny i ekstrakt rozmarynu.

Stwierdzono, ˝e sam zabieg sterylizacji spowodowa∏ najwi´ksze straty obu form tiaminy. W przypadku dodania do mi´sa
smalcu Êwie˝ego straty tiaminy ogólnej wynosi∏y 58%, a wprowadzenie utlenionego t∏uszczu przyczyni∏o si´ do pog∏´bienia
ubytków tiaminy ogólnej do 63%. Na wielkoÊç tych strat w przewa˝ajàcej mierze mia∏a wp∏yw tiamina zwiàzana. Zastoso-
wanie ekstraktu rozmarynu z dodatkiem Êwie˝ego t∏uszczu, podczas obróbki cieplnej, obni˝y∏o straty tiaminy zwiàzanej
o 5%, a hydrolizat kazeiny przyczyni∏ si´ do zmniejszenia ubytków tiaminy zwiàzanej o 4,5%. W Êrodowisku z dodatkiem
utlenionego t∏uszczu stwierdzono podobne dzia∏anie ochronne wobec tiaminy obu przeciwutleniaczy przy bardziej
ochronnym dzia∏aniu hydrolizatu kazeiny (tab. 1, rys. 1).


