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Food Research Institute Prague introduces itself

It becomes a good tradition to devote some issues of the journal Potravind¥ské
Védy to single theme. This time we submit you with the selection of the studies of
the Food Research Institute Prague.

Despite some restrictions and problems faced to our research sphere in the pre-
sent time, the Food Research Institute Prague is a complex workplace which solves
the targets of cross-sectional and applied research in the field of chemistry, bio-
chemistry, technology of foods, nutrition and in the food engineering and preserva-
tion of stocks against pests. Except workplaces within the Institute in Prague—Ho-
stivaF¥, the Institute has a developmental base of food technology at HruSovany nad
Jevisovkou. This workplace is concentrated on the development, design and pro-
duction of food industry, packaging and handling technologies as requested by cus-
tomers.

At the present time, the Institute solves in total 16 sector research projects, of
which two will be completed according to the plan this year, remaining projects in
1995. Expenses of these projects are paid from the grant of the Ministry of Agricul-
ture of the Czech Republic.

In the future another marked source of finance for research should become the
Grant Agency of the Czech Republic. At the end of 1993 the Institute received so its
own grant, as the participation in solving the grants of other institutions - the In-
stitute of Chemical Technology, Czech Technical University and the university of
Agriculture in Prague.

The Institute undergoes continuously some specific - the so-called permanent or
expert activities, e.g. maintenance and supplementation of collections of mites and
insects, microorganisms, data base of physical properties of foods, partial monitor-
ing of contaminants, expert and consulting activities.

A significant place in activities of the Institute is taken by foreign cooperation to
which we have paid more attention in recent time. Cooperation with foreign part-
ners is carried out in several lines. The Czech Republic is represented through our
research institute in several commissions, e.g. in the International Organization for
Cereal Sciences and Technologies ICC and the International Organization for Bio-
logical and Integrated Pest Control. A number of specialists of the Institute is in a
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direct contact with outstanding scientific institutions and universities, such as the
University in Piacenza (Italy), the national Health Institute for Pest Control in Ber-
lin (Germany), and the University in Alberta (Canada). Cooperation in solution of
some research problems is also important. Here can be mentioned the cooperation
with the Silsoe Research Institute in Bedford (Great Britain) in solving mathemati-
cal models of cooling of liquid foods, participation in the solution of the programme
PECO (Mathetical Modelling of Food Properties during Production and Storage)
and cooperation with NIZO (Netherlands) on the project of EC countries concen-
trated on the problems of Central and Eastern Europe countries.

Following the change of the character of the Research Institute into contribu-
tional organization, only a part of its budget, in concrete terms, contribution for
solution of sector targets and permanent activities, is paid by its founder (the Mi-
nistry of Agriculture). In 1993 its share amounted to two-thirds of the Institute's
budget. The remaining part is to be provided by other activities. A rising activity
and promotion of works and services for payment and as ordered from business
sphere is connected with it. Services are rendered practically by all departments of
institutes within their sphere activities.

Ing. JitiCelba, CSc.
Director of the Food Research Institute Prague
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TANDEM COLUMN BIOAFFINITY SEPARATION OF AMYLASES,
AGGLUTININ AND CHYMOTRYPSIN INHIBITOR OF RYE

Jiri KUCERA

Food Research Institute Prague, Radiova 7, 102 31 Praha 10-Hostivar,
Czech Republic

Rye albumin was prepared by salt extraction of rye flour followed by
dialysis, ammonium sulphate precipitation, and dialysis of the pre-
cipitate suspended in minimum-volume of water. The four columns
with biospecific sorbents were used in tandem in the following or-
der: 1. DEAE-Sephadex, 2. chitin, 3. -cyclodextrin-agarose, and 4.
chymotrypsin-agarose. The sample was applied to 1 M NaCl, 1 mM
calcium chloride in 50 mM acetate pH 5.5. 4.18% of protein was ad-
sorbed on DEAE-Sephadex column, 44.4% protein was not adsorbed
on any column. 80.2 % of lectin activity applied was eluted from chitin
column using 50 mM HCI as eluent, 95.6% of amylase applied was
eluted from cyclodextrin column using 10 mM cyclodextrin solution as
well as 79.2% of B-amylase, and 85.9% chymotrypsin inhibitor activi-
ty was eluted from chymotrypsin-agarose column using 6 M urea pH
2.0. Four active proteins were separated by this way in the single step
separation by the method described.

rye albumin; protein purification; amylase inhibitor; trypsin inhibitor;
agglutinin; biospecific affinity chromatography; tandem columns

In the early days of this century the mapping of the cereal proteins content
was based on selective extraction followed by the precipitation procedures
(Osborne, 1907). Recently, as a consequence of the introduction of mo-
dern affinity chromatography, additional more sophisticated methods have
become available, thus making much more penetrating studies possible. Ex-
tracts obtained by the Osborne procedures, in various modified forms, still
frequently serve as starting materials for chromatography. In our first ex-
ploratory study, we have kept to this tradition.

The albumin fraction of cereal extracts, obtained by application of such
fractionation schemes, is composed of the mixture of greatly varied proteins.
In the past, major attention was paid to the wheat albumin, wheat being the
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most important cereal for human alimentation (Salomonsson, 1986;
Buonocore et al, 1977; Contagalli et al, 1971; Feillet, Bour-
det, 1966; Kasarda et al., 1976; Kato et al., 1974). A number of en-
zymes and enzyme inhibitors as well as other proteins have been isolated
and partially characterized (Buonocore et al,, 1977, Kato et al., 1974;
Preston, Kruger, 1976). For example, agglutinin (Le Vine et al.,
1972; Allen etal, 1973; Lotan et al., 1973; Bloch, Burger, 1974,
Shaper etal., 1973) and B-amylase (Vretblad, 1974) have been purified
by affinity chromatography. Moreover, it is worth mentioning in connection
with this study that crude albumin has been covalently bound to agarose and
used as affinity sorbent for insect amylase (Buonocore et al., 1975), an-
ticipating, we presume, the development of more effective procedure along
similar lines:

Rye is considered to be the second most important cereal. How surprising,
therefore, that our knowledge of rye proteins is still on such a rather rudi-
mental stage. Indeed, so far, only superficial studies have been undertaken
through the agar gel electrophoresis and chromatographic size exclusion
methods which are admittedly powerful but applied, separately or together
on an analytical scale, do not provide enough material for permitting de-
tailed characterization of the partially purified components.

Agar gel electrophoresis revealed existence of five amylase isoenzymes in
rye (Wagemar, Lugtenborg, 1973) some of them similar to amylases
isolated from other sources. Serin-protease inhibitors are known to be pre-
sent in all common cereals. They are extremely stable in heat at extreme acid
and alkaline pH. Thus, virtually all activity survived 30 minutes of boiling
and several hours’ exposure to 0.1 M HCI or 0.1 M NaOH at room tempera-
ture (Boisen, 1983). The agglutinin, also, is extremely acid-stable. Wheat
agglutinin has been purified by affinity chromatography on immobilized
ovomucoid, chitin and N-acetyl-glucosamine (Lotan etal., 1973; Bloch,
Burger, 1974; Mikola, Kirsi, 1972).

The substances above-mentioned form a group of proteins of great inte-
rest, constituting a substantial part of an important cereal of considerable
nutritional value and exhibiting unusual stability properties. These features
make them excellent models for methodological studies aiming at improved
aids for protein mapping and for development of large scale isolation tech-
niques based on biospecific adsorption.
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With this background we have taken the first step to develop a new strate-
gy for protein mapping of complex plant extracts. New biospecific adsor-
bents have been synthetized and their capacity determined. The rye albumin
fraction was then fractionated on the adsorbents arranged in a tandem order
to decrease material losses and save time and labor.

Although our general strategy include some characteristic technical de-
tails, borrowed from the researchers in the reference list, such as, for exam-
ple, drastic acid elution conditions for agglutinin, it also adds some new
features which hopefully will inspire further development of methods of
general applicability to plant biochemistry.

MATERIAL AND METHODS

The rye used for the albumin preparation was the cultivar Petkus and was
a generous gift of Dr. Marta Larsson-Raznikiewicz.

Rye albumin was prepared according to the method of Osborne modified
by Chen and Bushuk (1970). The albumin fraction was precipitated with
80% saturated ammonium sulphate. The precipitate was suspended in mini-
mum volume of water and dialyzed against 400-fold volume of 1 M NaCl,
1 mM CaCl, in 50 mM acetate, pH 5.5 (48 hours at +5 °C). This process
causes some loss of proteins but it removes the major portion of polysaccha-
rides and result in a desirable very substantial decrease in viscosity, a neces-
sary prerequisite for chromatography.

Chitin, N-acetylglucosamin, chymotrypsin and 3,5-dinitrosalicylic acid
were products of SIGMA, while N-cyclohexyl-N-morpholinoethyl carbodi-
imide, methyl-p-toluen-sulphonate and B-cyclodextrin were obtained from
Fluka AG. Agarose (Ultrogel, 6% matrix content) was a gift from LKB.
SE-Sephadex and DEAE-Sephadex were obtained from Pharmacia.

Chymotrypsin, N-acetylglucosamin, glycine and B-cyclodextrin were
coupled to divinylsulphone activated agarose (Porath, 1974). Glucosamin
was immobilized to glycine agarose by condensation with N-cyclohexyl-N-
-(2-morpholinoethyl) carbodiimide methyl-p-toluene sulphonate (Mar-
tensson, Mosbach, 1972). The agglutinin activity was determined with
rat erythrocytes as substrate (L is et al., 1970).

Amylolytic activity was determined by the method of Meyer et al.
(1947) with soluble starch as a substrate and dinitrosalicylic acid as a reagent

341



Potrav. V&dy, 12, 1994 (5): 339-350

for reducing sugar. The o- and B-amylase were estimated by their activities
at different pH (Meyer et al., 1947), although this method for rye albumin
lacks precision.

Chymotrypsin inhibitor activity was determined according to Laskow-
ski (1955) with casein as chymotrypsin substrate.

Protein concentration was estimated from optical density at 280 nm, but
for balance experiments the Bio-Rad set of reagents were used with human
serum albumin as standard.

All chromatographic experiments were made at room temperature. With
the exception of the experiment made in 50 mM HCI, all the buffers were
1 mM CaCl, in order to ensure enzyme stabilization. Column capacities were
estimated by frontal analysis of 20-fold diluted rye albumin extract.

RESULTS AND DISCUSSION

Amylases

Immobilized cyclodextrins have been used for adsorption of B-amylases
(Vretblad, 1974) and also to separate c-amylase from wheat albumin
(Maeda, Nikumi, 1978). We have used divinylsulphone-coupled B-cy-
clodextrin as biospecific adsorbent for separation of a-, as well as -amylase
from rye. .

The cyclodextrin-agarose bed was equilibrated with a 50 mM acetate pH
5.5, 1 M NaCl and 1 mM CaCl,. After introduction of the sample, the column
was washed with 10 volumes of the same buffer followed by another 10 vol-
umes of the buffer without sodium chloride. Finally, the amylases were
eluted with 10 mM B-cyclodextrin in the sodium chloride-free buffer. The
material eluted in this way was distributed in a rather broad peak indicating
the presence of proteins with different affinities (Fig. 1). Attempts to sepa-
rate the amylase isoenzymes by use of pH- and cyclodextrin concentration
gradients failed.

Using the outlined procedure the gel was found to adsorb 0.18 mg and
0.54 mg per ml of crude rye protein and prepurified (albumin), respectively.
The lower yield in the former case presumably reflects the presence of poly-
saccharides. Thus the ammonium sulphate, in addition to lowering the vis-
cosity of extract, increases the gel capacity with respect to amylases.
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1. Chromatography of rye albumin on agarose-bound B-cyclodextrin. The sample (15 ml,
OD2so 1.03) was applied to the column of total volume 42 ml in 1 M NaCl 50 mM acetate
buffer pH 5.5 and the column was washed with the same buffer and with 50 mM acetate buffer

pH 5.5 (not shown). The amylolytic enzymes were eluted with 10 mM B-cyclodextrin in the
same buffer. Fraction volume 7.6 ml, flow rate 0.23 I/min

Agglutinin

As ligand for the biospecific adsorbents we have chosen chitin, N-acetyl-
glucosamine and N-glycylglucosamine. The latter ligand was chosen since it
was believed to exhibit affinity strength to the agglutinin between that of
glucosamine (too weak) and acetylglucosamine (too strong). Nevertheless,
all the gels adsorbed the rye agglutinin although with different capacities.

The columns were equilibrated with the 1 M NaCl-acetate buffer as in the
amylase case of former paragraph. The rye albumin solution was applied and
the unadsorbed proteins were washed out with the same buffer and the col-
umn washed with 10 volumes of sodium chloride depleted buffer. The agglu-
tinin was eluted with 50 mM HCI.

The chitin column was found to have the highest adsorption capacity:
1.03 mg /ml and 2.14 mg/ml for crude and prefractionated sample, respec-
tively. Bound N-acetylglucosamine exhibited the corresponding capacities of
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0.08 mg/ml and 0.14 mg/ml, respectively. The same capacity was found in
the same case of glycylglucosamine-agarose.

In an experiment rye albumin solution was loaded in the chitin column to
half its capacity and washed according to the scheme described. The elution
profile for the agglutinin is shown in Fig. 2.

5280403 ) ’ &%’;ﬂy ) 10.3 O - ODaso
K {180 ® — lecitin actitity

800 50 mM HCI
{120
600}

{100

400

200t
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2. Chromatography of rye albumin on chitin column. The same conditions as in Fig. 1, total
volume 16 ml. Elution of lectin was carried out with 50 mM HCl

After five cycles the capacity of the N-acetylglucosamine column had de-
creased to 82 % and similarly the N-glycylglucosamine had deteriorated to
81% of their respective original value. No decrease in capacity was observed
for the chitin column.

The agglutinin eluted from the chitin column was introduced directly into
an sulphoethyl-Sephadex column. No activity was found in the acid elution
peak (Fig. 3) while 98% of the activity was recovered by elution with acetate
buffer pH 5.5. The inactive fraction was adsorbed to DEAE-Sephadex at pH
5.5 even in the presence of 1 M NaCl. No other rye albumin proteins were
adsorbed to the anion exchanger under these conditions.
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Chymotrypsin inhibitor
We have used chymotrypsin fixed to agarose by divinylsulphone to purify
the inhibitor in the rye bioselectively. The sorption step was the same as the
one described in the two previous sections. Although pH 5.5 is far from the
chymotrypsin interaction optimum for its inhibitor the adsorption was found
to be very strong. Desorption was achieved upon increasing the acidity to
pH 2 and including 6 M urea in the solvent. No separation of different in-
hibitors of serine proteases could be expected under this conditions. Presum-
ably all inhibitors of these enzymes were collected in the displaced fraction.
The chromatogram is shown in Fig. 4. The individual fractions were pooled
and solvent exchange accomplished by gel filtration on Sephadex G-25 in
50 mM Tris-HCI pH 7.6 and after that the activity was determined and found
to exceed 90% of the activity loaded.

Tandem column

The rye albumin was prepared from 20 g rye flour for determination of
material as well as activity balances. The sample solution was prepared by
saturation the rye extract with ammonium sulphate to 80% ammonium sul-
phate saturation, collecting the precipitate by centrifugation and dissolving it
in minimum-volume of 50 mM sodium acetate, pH 5.5 and dialysis against
a large excess of the same buffer and removing undisolved matter by cen-
trifugation. The yield and specific activity are shown in Table I.
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4. Chromatography of rye
albumin on chymotrypsin
column. Sorption and washing
conditions the same as in Fig. 1,
elution with 6 M urea pH 2.0

The extract thus obtained and adjusted to become 1 M in NaCl, was ap-
plied to a tandem columns of DEAE-Sephadex, chitin, B-cyclodextrin-aga-
rose and chymotrypsin-agarose preequilibrated with the 1 M NaCl, 1 mM
CaCl, in 50 mM acetate buffer pH 5.5 and arranged as shown in Fig. 5. The
volumes of the individual columns were chosen to possess twice the capacities
of the proteins to be adsorbed (as determined from the preliminary experiment
with single bed). The columns were then washed with the NaCl-containing
starting buffer until no further proteins were eluted. The column beds were
disconnected and separately eluted as described previously for the single bed
experiments. The yield and specific activities obtained in the chroma-
tographic experiment are shown in Table II.

I. The yield and the specific activity of the active proteins separated

Volume Protein Amylase Lectin Chym?tfypsm
Step [ml il (aB) U] inhibitor
i} ] [EU/ml] [ [U/ml]
Extraction 290 034 1.76/1.78 0.92 039
Dialysis 347 0.23 b 0.72 0.26
(NH,),50, 110 037 4.33/1.53 1.56 0.51
precipitation
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Extract in (40.7 mg protein) :;lA"mgemm of tandem
DEAE-Sephadex (=1.7 mg)
Chitin (137 units of 171)

B-cyclodextrin-agarose
o-amylase 455 units of 476
B-amylase 133 units of 168

Chymotrypsin-agarose
48 units of 56

Non-adsorbed fraction out
(18.05 mg protein)

General discussion

Tandem column arrangement in affinity chromatography has been de-
scribed earlierby Porath et al. (1988). Used for “all or none“ adsorption-
-desorption process it is, in principle, applicable for specific group fractiona-
tion of small or large samples, i.e. in micro-, laboratory (as demonstrated
herein), as well as in an industrial conditions. As shown the tandem bed ar-
rangement of affinity adsorbents makes possible isolation of classes of pro-
teins possessing biological properties simple and relatively fast.

The necessity of selecting a common equilibration buffer systems, of
course, sets a limit to the applicability of tandem columns. This, however,
does not detract much to the attractive features of the technique since it is
always possible to select a buffer that does not differ too much from the
extraction solvent, with respect to pH, electrolyte concentration, water con-
tent, etc. In the experiment herein we included 1 M sodium chloride, thus
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I1. Specificities and yields of fractions from tandem columns

Prodiict Amount Actiyity Yield Purification
[mg] [units] [%] factor

Protein at start 40.7 - 100 1.0
Protein recovered

desorbed 20.7

not adsorbed 18.1

total 388 - 95.3 -
Lectin 13.5 138 80.2 2.6
o-amylase 4.6 455 95.6 8.5
B-amylase 133 79.2 7.3
Chymotrypsin inhibitor 24 432 85.9 14.7

counteracting protein-solute ionic interactions and suppressing the risk of
bacterial growth.

On the other hand, the high salt content and acid pH may promote com-
plexation due to hydrophobic intéraction. However, we have not noticed
such a complication to occur in the present case.

According to our results in this study further effective purification of
isoenzymes, isoagglutinins and various enzyme inhibitors by bioaffinity
methods will be easy. While we plan to extend bioaffinity purification of the
rye proteins we are convicted that for the ultimate isolation procedures we
have to include also the zone electrophoresis and/or high-resolving chroma-
tography on ion exchangers (HPLC), immobilized heavy metal ions (IMAC)
and electron-donor-acceptor chromatography (EDAC).
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J. Kudera (Vyzkumny ustav potravinafsky Praha, Praha-HostivaF)

Separace amylas, aglutininu a inhibitoru chymotrypsinu v Zité
na zakladé bioafinity na tandemové koloné

Zitna mouka byla extrahovana v pfitomnosti NaCl a CaCl, pfi pH 5,5. Extrakt
byl dale purifikovan precipitaci siranem amonnym (nasyceni 0,35-0,8) a precipitat
byl rozpustén v minimu vody a dialyzovén proti zfedénému pufru (acetat pH 5,5).
Ciry roztok byl pak veden na fadu biospecifickych kolon spojenych do série v tomto
pofadi: 1. DEAE-Sephadex, 2. chitin, 3.B-cyklodextrin-agarosa a 4. chymotrypsin
agarosa. 18 % v3ech vloZenych bilkovin bylo sorbovdno na DEAE-Sephadexu,
44,4 % bilkovin nebylo sorbovano na Z4dné z uvedenych kolon. Bilkoviny sor-
bované na DEAE-Sephadexu nebyly identifikovany, aviak pouZiti tohoto sorbentu
vyznamné pfispélo k dosaZeni kvalitnich produktil z ostatnich kolon. 80,2 % ves-
keré vlo Zené lektinové aktivity bylo eluovéno z chitinu 50mM HCI, 95,6% amyla-
sové aktivity bylo eluovano z B-cyklodextrinové kolony s pouZitim 10mM roztoku
cyklodextrinu v poéatednim pufru, 79,2 % inhibitoru amylas a 85,9% trypsin inhibi-
toru bylo pak eluovano z pfislusnych kolon. Touto cestou byly izolovény &tyfi ak-
tivni bilkoviny z Zitného albuminu v jediném izolaénim stupni.

Zitny albumin; purifikace bilkovin; inhibitor amylas; trypsin inhibitor; aglutinin;
biospecifick4 afinitni chromatografie; tandemové kolony
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MICROCALORIMETRIC DETERMINATION OF UTILIZATION
OF LINEAR SATURATED ALCOHOLS AND ACIDS
BY PSEUDOMONAS PUTIDA

Milo§ BERAN, Vit PAULICEK

Food Research Institute Prague, Radiovd 7, 102 31 Praha 10-Hostivar,
Czech Republic

Heat conduction microcalorimetry was used to study the ability of
Pseudomonas putida bacterium to utilize glucose, linear saturated
alcohols C1—Cj4 and acids C;—Cg. Determined total metabolic heats
and calorimetric-respirometric (CR) ratios were compared with theo-
retical values.

microcalorimetry; calorimetric-respirometric ratios; Pseudomonas sp.,
alcohols; monocarboxylic acids

Pseudomonas sp. bacteria are frequently used for soil and water decon-
taminations, especially in cases of oil pollution. The abilities of Pseudomonas
sp. to utilize alkanes (Olsen, Arbor,1985; Inoue, Horikoshi, 1988);
cyclic and polycyclic hydrocarbons (Porits et al., 1983; Olsen, Ar-
bor, 1985); aromatic hydrocarbons (Foght, Westlake, 1988; Abril et
al., 1989); halogenated hydrocarbons (Sojka et al., 1988; Nelson et al.,
1988; Dipak, 1989) and organic silicon compounds (Wasserbauer,
Zadék, 1990) have been described. Conventional microbiological methods
of testing the capabilities of microbial strains to utilize different substrates
are usually time and labour-consuming. Microcalorimetry offers a simple
and quick alternative way, with the potential for automation. In addition,
hitherto unseen metabolic data may also be generated. Applications of the
method to the studies of metabolism of bacteria and yeasts and charac-
terization of microorganisms have been extensively reviewed (Brown,
1969; Beezer, 1980; Kemp, Schén, 1990).
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MATERIAL AND METHODS

Microorganism and cultivation

Pseudomonas putida culture, collection number B3, from the collection of
microorganisms of the Department of Microbial Products, Food Research
Institute, Prague, was grown on MPA plates and transferred into five-litre
flasks under sterile conditions. The culture medium contained the following
substances (per litre): NH,Cl, 5 g; Na,HPO, . 12H,0, 3.4 g; KH,PO,, 1.6 g;
NaCl, 0.5 g; MgCl,, 0.5 g; molasses, 10 g; urea, 1g; ethanol, 1 ml; and 5 ml
of Solution I. Solution I contained the following substances (per litre): 85%
H,PO,, 35 ml; KOH, 30 g; MgSO, .7H,0, 32 g; NaCl, 12.2 g; ZnSO, .
. TH,0, 0.5 g; CuSO,. 5H,0, 0.02 g; MnCl, . 4H,0, 0.05 g. The cultivation
was done on a rotary shaker for 48 h at 150 rpm, 30 °C, and pH 7.0. 1 ml of
ethanol per litre of medium was added after each 8 hours. Cells were har-
vested by centrifugation (15 min at 59.10° m/s?) at 4 °C, washed with an
excess amount of physiological solution and centrifuged again. The obtained
bacterial paste (26% of dry material) was stored at 4 °C and used for micro-
calorimetric experiments (determination of CR-ratios) or freeze-dried after
dilution with physiological solution (determination of total metabolic heats
of substrates). No cryopreserving agents were added during the freeze-dry-
ing process. The freeze-dried sample contained 5.10% of viable cells per
gram, as determined by the conventional microbiological method on MPA
plates.

Apparatus and operating conditions

Microcalorimetric experiments were performed using the LKB 2277
Thermal Activity Monitor (LKB-Pharmacia, Sweden), a free-standing mul-
tichannel microcalorimeter. Continuous heat flow measurements are con-
ducted isothermally. The instrument is equipped with the LKB 2132 MicroPer-
pex Pump. A single circuit for flow-through and a double circuit for flow-mix
experiments are available. Flow lines of the flow-through or the flow-mix
system, resp., including measuring cell, have volume approx. 1.2 ml, 1.5 ml,
resp. Effective volume of the measuring cell is approx. 0.6 ml. All measure-
ments were performed at 30+/-0.0002 °C .

Total metabolic heats of substrates were determined using the flow-through
measuring mode. The freeze-dried bacterial inoculum was suspended in 0.2 M
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phosphate buffer, pH 6.0, to obtain 5.10° of viable cells per ml of the me-
dium. 100 ml of the culture medium was prepared 90 min before measuring
and stirred in a jacketed glass fermentor (total volume 300 ml) with aeration
and a propeller stirrer. The starveling bacterial culture was then pumped
through the measuring cell of the microcalorimeter with flow rate of 40 ml/h.
When a stable heat flow signal generated by endogenic metabolism was re-
corded, diluted solutions of linear saturated monohydric alcohols C,—~C,
and C,~C,, were pipetted into the medium to obtain concentrations in the
range 1.107*~1.10"" mol/l. Total reaction heats were determined by integra-
tion of the peaks recorded after addition of the substrates on the stable back-
ground of endogenic metabolism. To obtain the real enthalpy changes in
substrate utilization, the total heat changes obtained were corrected by sub-
traction of dilution heats of individual alcohols.

Oxycalorimetric equivalents of substrates were determined using the
flow-mix-stop measuring mode. The oxycalorimetric equivalent is the en-
thalpy of aerobic catabolic reactions per 1 mol of O, consumed ranging from
—430 to —480 kJ per 1 mol of O,. This is the expected ratio of calorimetri-
cally measured heat flux and respirometric oxygen flux (CR ratio [kJ per
1 mol of O,]) under conditions when no work is done and when the reaction
system is fully described by the aerobic catabolic half cycle (Gnaiger,
1990).

The bacterial paste was suspended in 100 ml of 0.2M phosphate buffer,
pH 6.0, to obtain 1.10° of viable cells per ml of the medium. The culture
medium was intensively stirred in the fermentor without additional aeration
90 min before the measuring. The starveling bacterial culture was then
pumped to the microcalorimeter together with the clean phosphate buffer
with exactly the same flow rate. After mixing in the flow mix cell of the
instrument, the mixed flow passed through the measuring cell with total flow
rate of 40 ml/h. When a stable heat flow signal generated by bacterial endo-
genic metabolism and friction effects of the medium was obtained, the pump
was stopped. The heat effect generated by endogenic metabolism was meas-
ured until oxygen depletion. To calculate the heat effect of endogenic me-
tabolism, the area under the recorded curve was integrated. The result was
corrected by subtraction of the fading friction heat effect of the buffer
(Fig. 3). Concentration of dissolved oxygen in the medium before the calo-
rimetric measurement was determined using an oxygen electrode. Therefore,
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oxygen consumption rate by endogenic metabolism was estimated from the
results. The enthalpy changes in substrate utilization were measured in the
same way, after mixing the starveling bacterial culture with substrate solu-
tions, instead of the clean buffer. Total generated heat was corrected by sub-
traction of the endogenic metabolism heat effect (Fig. 3). To obtain the
oxygen consumption related to the extracellular substrate oxidation, the oxy-
gen consumption by endogenic metabolism was subtracted from the total
oxygen consumption. To calculate the CR-ratios of individual substrates, the
enthalpy changes of substrate utilization were divided by the oxygen con-
sumption related to the extracellular substrate oxidation.

RESULTS AND DISCUSSION

Fig. 1 shows results of determination of total metabolic heats of linear
saturated monohydric alcohols by the flow-through measuring technique. A
- high peak of heat production generated by endogenic metabolism was re-
corded immediately after suspension of the freeze-dried inoculum in the
buffer. After 60—90 min the heat production decreased and stabilized. The
stable level of endogenic metabolism was kept for several hours at least. Af-
ter the peaks due to additions of the extracellular substrates, the heat flow

100 1
KILLING EFFECTS
80

90 - [INHIBIT ORY AND/OR]

% of total combustion heat
3

' A\
60 | / \‘\
40 | \\
=1 .
20
10 | I|I|
ol :

G & G € C C Cg Cg Cig Gy G2 Gz Gy
alcohols

1. Determination of total metabolic heats of linear saturated monohydric alcohols by flow-
-through technique
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usually returned to the original stable level. It suggests that this level of en-
dogenic metabolism remains stable during utilization of the extracellular
substrates. Our previous results (unpublished) showed that the level of endo-
genic metabolism depends, not surprisingly, on the substrate used for grow-
ing the bacterial cells.

The total enthalpy changes determined for individual alcohols are signifi-
cantly lower than theoretical combustion heats (Fig. 1). Limited water solu-
bilities of C,—C, ,alcohols, specific physiological conditions of the starveling
cells, and a heat leakage in the flow line between the pump and the measur-
ing cell could be among the reasons of the lower catabolic activities determi-
ned. Surprising metabolic effect was observed in the group of C,~C,,
alcohols, where all alcohols with odd numbers of C showed inhibitory or
killing effects. These effects have been confirmed by the conventional mi-
crobiological method on MPA plates, when no growth has been observed
with C,, C,, C,, and C,, alcohols as C-substrates (results not shown).

Fig. 2 shows results of determination of CR-ratios of different substrates by
the flow-mix-stop measuring technique. Acceptable correspondence of the
CR—ratios determined with theoretical oxycalorimetric equivalents was found
for all the substrates. During these experiments 35—70% of total consumed
oxygen were probably used for oxidation of the endogenic substrate(s) (Fig. 3).
CR-ratio of 398 kJ per 1 mol of O, was found for the endogenic substrate,
acceptably close to theoretical oxycalorimetric equivalents of carbonaceous
substrates. The results suggest totally aerobic metabolism of the bacterial

-
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3. Typical example of determination of CR-ratio by flow-mix-stop technique. Substrate: glu-
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strain. Utilization of all the tested linear monocarboxylic acids in the range
C,—C; has been observed. No special adaptation period was necessary for
utilization of all the substrates tested.

The presented method could facilitate identification of microbial strains
by determination of substrate spectrum. Selection of a proper microorganism
and optimal conditions for biodegradation of different pollutants is another
possibility to apply the method.
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Mikrokalorimetrické stanoveni utilizace linearnich nasycenych alkoholu
a kyselin bakterii Pseudomonas putida

Schopnost bakterie Pseudomonas putida utilizovat gluk6zu, linedrni nasycené al-
koholy C,—C;4a monokarboxylové kyseliny C;—Cg byla studovéna metodou tepeln&
vodivostni mikrokalorimetrie. Stanovené kalorimetricko-respiraéni poméry a celko-
va metabolicka tepla individudlnich substrati byly porovnany s teoretickymi hodno-
tami.

mikrokalorimetrie; kalorimetricko-respiraéni poméry; Pseudomonas sp.;, alkoholy;
monokarboxylové kyseliny
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HONEY AND POLLEN AS BIOINDICATORS
OF ENVIRONMENTAL CONTAMINATION

Ivan BOHACENKO, Jifina KOMARKOVA, Ivana ZAMECNIKOVA,
Zdenék VESELY, Viadimir VESELY’

Food Research Institute Prague, Radiova 7, 102 31 Praha 10-Hostivar;
IApicuItural Research Institute, Dol, 252 66 Libcice n. Vitavou, Czech Republic

Five regions of the Czech Republic differing in the classification of the
total environmental load were selected. In each of them, samples of
honey and pollen were taken from 3 to 8 sites between May and August
1992. The contents of certain chlorinated hydrocarbon insecticides, po-
lychlorinated biphenyls, heavy metals (Pb, Cd, Zn, Cu) and nitrates
were determined. The correlation between the pollutant values found
and the environmental load of the respective regions is discussed.

honey; pollen; bioindicator; chlorinated hydrocarbon insecticides; poly-
chlorinated biphenyls; heavy metals; nitrates, environmental pollution

It is known from the literature that bee products (honey, pollen, beeswax
and propolis), or bees and their larvae, are frequently used as bioindicators
of the level of environmental contamination, due to the property of bees to
collect nectar, honeydew and pollen within several kilometres’ radius. The
foraging bees get into contact with the residues of pesticides, the dust adher-
ing to plant surface, and water from varied natural sources. In the beehive
the contaminants cumulate in bee products, and thus the analysis of these
products may be a good basis for evaluating the level and nature of environ-
mental pollution by these contaminants within the territory in question.

As for the content of particular pollutants in bees and bee products, and
its bioindicative potential, it can be concluded from the papers published in
this country and elsewhere that inorganic pollutants (primarily metals) are
investigated more extensively than organic pollutants, mainly polychlori-
nated biphenyls (PCBs) and chlorinated hydrocarbon insecticides (CHI).
Thuse.g. Tong et al. (1975) studied the correlation between the level of 47
toxic and non-toxic metals contained in honey, and the sites of its origin in
New York State, as early as in 1975. They showed that the pollutant content
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was correlated with the environmental pollution level of the area where the
samples were taken. Similarly, bees and honey were used by Shabanov
and Ibrashimov (1975) for the monitoring of Cu, Zn and Pb occurrence
in agricultural regions, and by Bromenshenk (1976) in a study for a min-
ing project in Montana. The Italian authors Cimino et al. (1977) analyzed
honey from the environs of Etna for heavy metals and found that this area of
volcanic fallout resembles the environment of an industrial complex.

Estep et al. (1977), who measured the residues of CHs in honey and
beeswax in Tennessee, found non-significant differences in CHI content be-
tween the eastern, central and western parts of this state. Certain residues
were even found in bee product samples taken from the hives located at the
sites with no history of pesticide application. Similar results were obtained
by Ogata and Bevenue (1973) analysing honey from California and Ha-
waii. The content of PCBs in bees and bee products from various districts of
the U.S.A. was examined by Morse et al. (1987). They also failed in an
attempt to associate the PCBs concentrations found with any massive
sources of such a contamination. They pointed out, however, that much
higher amounts of PCBs occurred in beeswax. They ascribed this fact to the
cumulative role of these markedly lipophilic substances. The same opinion
is also expressed by Gayger and Dustmann (1985), who recommend
the use of non-recycled beeswax for the monitoring of PCBs and CHISs in the
environment. Of much interest are the papers by Gilbert, Lisk (1978)
and Tonelli etal. (1980), who used bees and bee products as bioindicators
of radionuclide environmental load.

In this country the xenobiotic substances have been systematically moni-
tored for a long time with the aim to evaluate the public health safety of the
food consumption basket. The studies utilizing bees and their products as
bioindicators are limited to inorganic, mainly metal, pollutants. Thus
Bacilekand Karvanek (1982) stated that the high concentration of in-
dustrial plants in the Kladno region appeared to be correlated with the in-
crease of Fe content, whereas the level of Zn, Ni, Cu and Pb did not exceed
the accepted public health standards and was comparable to reference sam-
ples from the areas not suffering from excessive environmental pollution.
On the other hand, Toporé&ék et al. (1992) found that Hg concentrations
in honey samples from an pollution-exposed area exceeded those from an
unloaded environment about fifty times.
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The papers by Hfivna, Hlu$ek (1989), Stary et al. (1988) and par-
ticularly the unpublished data contained in the Ph.D. thesis by Mond-
spiegel (1992) are of particular interest from the viewpoint of the
monitoring. These authors investigated bees, or (Mondspiegel, 1992)
bees and their products, as bioindicators of the occurrence of heavy metals in
model areas located in the districts of the Czech Republic differing in the
intensity of the environmental load. A conclusion can be drawn from their
results that the distribution of heavy metals in bee colonies is mostly in no
corresopondence with the maps of specific solid-emission load of the par-
ticular districts. Thus e.g. whereas Teplice v Cech4ch belong to the most
exposed and Volary to the least exposed districts, the amount of heavy met-
als found in bee colonies indicates a reverse situation. Pollen is recom-
mended as a very good indicator of the occurrence of heavy metals, these
being mostly contained in pollen samples in much higher amounts than else-
where.

MATERIAL AND METHODS

Based on the map of the environmental classification of the Czech Repub-
lic (Atlas..., 1992), five regions differing in the environmental quality -
were chosen:

Bene$ov—Vladim: satisfactory and high-level environment;
Jidin: satisfactory and disturbed environment;
Hradec Kralové: disturbed environment;

Davle disturbed environment;

Teplice—Most: extremely disturbed environment.

In each region three to eight sites were selected where samples of honey
and pollen were taken from apiaries by the staff of the Apicultural Research
Institute in May to August 1992. In these samples the following pollutants
were determined:

Honey: CHIs (pp’DDT, pp’DDE, op’DDD, pp’DDD, lindane, dieldrin);
PCBs (congeners 28, 52, 101, 138, 153 and 180)
heavy metals (Pb, Cd, Zn, Cu)
nitrates

Pollen: heavy metals (Pb, Cd, Zn, Cu)
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Analytical methods

Determination of CHIs and PCBs

Sample preparation: Honey samples were dissolved in the mixture ace-
tonitril-water (2:1) and the aqueous phase was extracted three times with
hexane. The occasionally formed emulsion was eliminated by the addition of
anhydrous sodium sulphate. The combined hexane extracts were washed
three times with distilled water, filtered through anhydrous sodium sulphate
and purified on a florisil column. The purified extract was vacuum evapo-
rated and the residue was dissolved in a small amount (adjusted to the ex-
pected content of pollutants) of cyclohexane. This solution was then injected
into the column of the chromatograph.

Conditions of GC: Gas chromatograph: Hewlett-Packard 5890 Series II;
capillary column: DB-5, 60 m by 0.25 mm, film thickness 0.25 pm; carrier
gas: N,, flow rate 1 ml/min; temperature gradient 60—-220 °C (30 °C/min),
220-280 °C (1 °C/min); detector ECD, temperature 250 °C; injection: 1 pl
sample; detection limit: 10~ mg/kg; used standards: congeners PCB Mix 1
(Labor Dr. Ehrenstorfer GmbH), CHI reference sample No. 10-2-05
(Czechoslovak Metrological Institute, Bratislava).

Determination of nitrates

Sample preparation: Exactly 10 g honey was dissolved in distilled water
and, if necessary, clarified with Carreze reagent, then further distilled water
was added up to 100 ml. The solution was filtered through a folded filter
paper and then, prior to injection, through a nylon microfilter 0,45 pm.

Conditions of HPLC: High pressure liquid chromatograph: Spectra Physics,
Data Jet Detector; column: Hema Q 1000 Bio, 3 by 150 mm, particle size
10 pm; mobile phase: 0.015 M/ sodium perchlorate acidified to pH 2.5 with
0.005 M phosphoric acid, flow rate 1 ml/min; detection: UV-VIS, wave-
length 210 nm; injection: 20 pl sample.

Determination of heavy metals

Sample preparation: A homogenized 1 to 2 g sample was mineralized on
an electric hotplate in five 1-hr intervals (110-360 °C), then heated up in a
muffle kiln from 350 to 500 °C (in 1-hr intervals) and kept at the latter tem-
perature for 16 hrs. After cooling down, 1 ml concentrated HNO, was added
and the sample was heated again at 110 °C until the acid evaporated. Finally,
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it was heated again in a muffle kiln at 500 °C for 1 hr. The ash obtained was
dissolved in 0.1 M HNO;. The ash content of Cu, Cd and Pb was determined
directly in the sample; for Zn determination, 10 ml sample was mixed with
0.05 ml concentrated water solution NH; and 0.1 ml 1M sodium acetate.

Conditions of polarography: Computer-controlled ECO-Tribo-Po-
larograph (manufactured by Polaro-Sensors); sample bubbling by nitrogen
before determination for 10 min; electrode potentials:

Element Potential [V]
Cd —0.60
Cu 0.01
Pb -0.40
Zn -0.10

Detection limits [mg/kg]: Cd, 0.001; Cu, 0.1; Pb, 0.01; Zn, 0.3; used stan-
dards: Czechoslovak Metrological Institute, Bratislava.

All chemicals used were of suprapure grade.

RESULTS AND DISCUSSION

It is impossible to present here all the measurements of pollutant contents
in any sample of honey or pollen from all respective sampling sites. The
results are available at the authors’ laboratory.

The data obtained indicate that the low-chlorinated PCB congeners 28
(mean concentration 0.0013 mg/kg, range 0.000-0.008 mg/kg), 52 (0.0011;
0.000-0.008) and 101 (0.0010; 0.000-0.006), pp’DDT (0.0017; 0.000 to
0.040) and lindane (mean 0.0019) are the major organic pollutants. The
high-chlorinated PCBs (congeners 138, 151 and 180), DDT analogues (i.e.
pp’DDE, op’DDD and pp’DDD) and dieldrin were found only as traces. The
mean contents of total PCBs (0.0035 mg/kg), total DDT (0.0023 mg/kg) and
lindane (0.0019 mg/kg) were relatively stable in most sampling sites, being
of the order 102 mg/kg. The exceptions were the sampling sites B&le& nad
Orlici (Hradec Kralové region) with the mean DDT content 0.0157 mg/kg,
and Trebusice and Rvenice (Teplice-Most region) with the mean lindane
contents 0.010 and 0.015 mg/kg, respectively.

No significant differences in the mean contents of total PCBs and total
DDT and in the mean content of lindane among the regions investigated
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were found, either. Fig. 1 shows that the level of PCBs was relatively stable.
As for DDT and lindane, approximately threefold values were recorded in
the regions Hradec Kralové and Teplice—Most than in the four remaining
regions. A general statement can be made that the level of the strongly lipo-
philic organic contaminants in honey is very low, nearly reaching the deter-
mination limits. In that case it would apparently be advisable to use
non-recycled beeswax instead of honey or pollen, as is recommended in the
literature (Morse etal., 1987; Gayger, Dustmann, 1985).
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The inorganic contaminants, i.e. heavy metals and nitrates, were found in
all honey samples tested in detectable amounts. The means and the ranges of
concentrations found were as follows: Pb 0.113 mg/kg (0.020-1.64 mg/kg);
Cd 0.013 (0.001-0.064); Cu 0.636 (0.146—2.996); Zn 2.949 (0.587—-13.078),
nitrates 41.65 (11.1-172.0). Even though high current concentrations of
these pollutans were sporadically recorded at some sites of the regions
Benesov—Vladim (e.g. Pb 1.641 mg/kg — TretuZel; Cd 0.064 mg/kg — Horni
Borek; Zn 12.054 mg/kg — Mrkvové Lhota and 13.078 mg/kg — Nova Stie-
zimif), and Hradec Kralové (Cu 2.996 mg/kg — Béle¢ nad Orlici), it is possi-
ble to say that their levels corresponded to the average concentrations in
those regions. A certain trend of a slight increase in heavy metal levels was
also observed in late summer. Figs. 2 and 3 show that higher Pb levels were
found in the regions Bene$ov—-VIasim and Teplice-Most, i.e. 0.202 and
0.125 mg/kg respectively. The levels of Cu reached 0.918, 0.712 and
0.706 mg per kg in the regions Hradec Krélové, Ji¢in and BeneSov—VlaSim.
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As far as the levels of Zn and Cd are concerned, their values were rather
stable, with the exception of the region Teplice—Most, where the lowest Cd
level, i.e. 0.004 mg/kg, was found. Similarly, the lowest levels of nitrates
(Fig. 4) were found in the regions BeneSov—Vla$im (32.8 mg/kg) and
Teplice—Most (22.0 mg/kg).

Pollen was used as another bioindicator for the monitoring of heavy met-
als. Their concentrations found in pollen were 7 to 16 times higher than
those in honey, particularly in Cd, Zn and Cu. The values found were: Pb
mean 0.252 mg/kg (range 0.001-1.159 mg/kg); Cd 0.094 (0.001-0.873); Cu
8.59 (0.36—14.39); Zn 46.69 (25.55-117.71). No correlation between the
contents of these pollutants in honey and in pollen was found. The average
content of heavy metals in pollen in the regions examined (Figs. 5 and 6) was
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4. Inorganic
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Hradec Kralové

20

rather stable in Cd (0.080-0.143 mg/kg), Cu (7.61-9.62 mg/kg) and Zn
(43.68—49.34 mg/kg) and, in spite of small differences, showed better corre-
spondence with the environmental classification of the regions in question.
In Pb, however, the values found in the regions Hradec Kralové and Ji¢in
(0.420 and 0.358 mg/kg respectively) were about twice as high as in the re-
gions Davle and BeneSov—VIas$im (0.111 and 0.142 mg/kg). On the basis of
the present results and the data of Montspiegel (1992) and Bicik,
KaSpar (1986) it is possible to recommend pollen for the bioindication of
heavy metals.

The results and conclusions presented here are in very good concordance
with the data presented by other authors examining the possibility of the
utilization of bees and bee products as the bioindicators of environment
quality. We consider a highly qualified interpretation of the experimental
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data, respecting specific features of the whole process of pollutant transfer
from the particular components of the environment into bees and their prod-
ucts, as one of the most essential conditions for their future use in monitoring
systems. It is necessary to take into consideration that these bioindicators
can only reflect a real pattern of environmental contamination within a rather
small area, delimited by the foraging radius of bees. It may be very difficult
to associate these specific data with the environmental load of larger regions
without a sufficient number of reference sites, and without the knowledge of
pollutant transfer in nature.

CONCLUSIONS

In the regions examined, the values of organic pollutants (total DDT, total
PCB congeners and lindane) contained in honey showed no significant dif-
ferences, which would correspond to the differences in environmental load.
Threefold occurrence of DDT in the Hradec Kréalové region and of lindane in
the Teplice region are interesting exceptions. Because of the very low con-
tent of these highly lipophilic substances in honey it would apparently be
advisable to prefer beeswax, where the pollutants are cumulated more inten-
sively, for bioindication purposes.

The same lack of correlation between the data obtained and the environ-
mental load was found in the average contents of inorganic pollutants (Pb,
Cd, Zn, Cu and nitrates) in honey. The differences between the regions ex-
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Cd, Zn, Cu and nitrates) in honey. The differences between the regions ex-
amined were demonstrated most conspicuously through the increase of Pb
contents in the regions BeneSov—Vla$im and Teplice, the increase of Cu in
the regions Hradec Kréilové, Ji¢in and BeneSov—Vla$im, and through the
very low Cd values in the Teplice region.

As for the average contents of heavy metals (Pb, Cd, Cu and Zn) in pollen,
their values correspond more clearly to the levels of the environmental load
in the regions examined, yet substantial differences were not found. The
lowest values were recorded in the regions BeneSov—Vlas$im, followed by
Ji¢in, Hradec Krilové and Davle. It is thus possible to recommend pollen as
another suitable bioindicator.

We failed to prove a direct correlation between Pb and Cd contents in
honey and pollen. This might be scrutinized by further research, when the
influence of particular environmental components should be taken into con-
sideration when deciding about the sampling sites and timing.
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Atlas Zivotniho prostfedi a zdravi obyvatelstva CSFR. Brno, Geograficky tistav
a FVZP 1992.
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Med a pyl jako bioindikatory zneliSténi Zivotniho prostiedi

Podle mapy stavu Zivotniho prostfedi CR bylo zvoleno pét oblasti s riiznou ttidou
tirovné Zivotniho prostiedi:
BeneSov—Vla$im: vyhovujici a vysoka troveii prostfedi,
Ji¢in: vyhovujici a naruené prostiedi,
Hradec Kralové: naruSené prostfedi,
Davle: naru3ené prostiedi,
Teplice-Most: extrémné a siln& narusené prostiedi.

V kaZdé oblasti pak bylo uréeno 3 aZ 8 konkrétnich stanovist, na nichZ byly v pril-
bé&hu kvétna aZ stpna 1992 odebirany od jednotlivych producent vzorky medi a pyli.
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Ve vzorcich byly stanovovény:

med — organochlorové insekticidy (pp'DDT, pp'DDE, op'DDD pp'DDD, lindan
a dieldrin), polychlorované bifenyly (kongenery 28, 52, 101, 138, 153 a 180),
t&Zké kovy (Pb, Cd, Zn, Cu), dusi¢nany;

pyl — t&ké kovy (Pb, Cd, Zn, Cu).

V prim&mém obsahu organickych cizorodych latek (suma DDT, suma kongeneri
PCB a lindan) v medu nebyly u sledovanych oblasti nalezeny signifikantni rozdily,
které by korespondovaly s trovni jejich Zivotniho prostfedi. Zajimava jsou pouze
trojndsobné zvy3eni obsahtt DDT v oblasti Hradec Kralové a lindanu v oblasti Tep-
lice. Vzhledem k velmi nizkému obsahu té&chto vyrazné lipofilnich latek v medu by
bylo zfejmé lepsi pouZivat zde jako bioindikéator v&eli vosk, v némzZ dochézi k jejich
vy538i kumulaci.

TotéZ plati co do korespondence s tirovni Zivotniho prostiedi sledovanych oblasti
i pro primémé obsahy anorganickych latek v medu (Pb, Cd, Zn, Cu a dusi¢nany).
Rozdily mezi jednotlivymi oblastmi se nejvice projevily zvySenim obsahu Pb v ob-
lastech BeneSov—Vlasim a Teplice, Cu v oblastech Hradec Kralové a Ji¢in a Bene-
Sov—Vlasim a v naopak nizkém obsahu Cd v oblasti Teplice.

Pokud se tyka primémych obsahil t&Zkych kovil (Pb, Cd, Cu a Zn) v pylu, kore-
sponduje zde jejich mnoZstvi s trovni Zivotniho prostfedi ve sledovanych oblastech
lépe, 1 kdyZ vyrazné (napfi. fadové) rozdily nebyly zaznamenany. Nejméné jich bylo
nalezeno v oblasti BeneSov-Vlasim, déle pak nasledovaly oblasti Ji¢in, Hradec Kra-
lové a Davle. Tento materidl lze proto téZ doporudit jako vhodny bioindikétor.

Piimou zavislost mezi obsahy Pb a Cd v medu a pylu se pii naSich pokusech ne-
podafilo prokazat. Mohly by v3ak byt zédleZitosti dal$iho sledovéni, pfi kterém by
bylo tfeba vzit v ivahu i vliv jednotlivych sloZek Zivotniho prostfedi pfi vybéru sta-
novist’ a terminech odbéril.

Némi prezentované vysledKy iz nich vyvozované zavéry jsou ve velmi dobré sho-
dé s poznatky naSich i zahrani¢nich autori, ktefi se zabyvaji problematikou vyuZiti
v&el a v&elich produktii jako bioindiké4toril Zivotniho prostfedi. Za jeden z nejdilezi-
t&j$ich prvki pro jejich budouci vyuZiti v monitorovacich systémech pak pokladame
fundovany pfistup k interpretaci naméfenych dat, které musi respektovat specifika
celého procesu pfestupu polutanti z jednotlivych sloZek Zivotniho prostfedi do véel
a jejich produktii. Zde je tfeba si pfedevsim uvédomit, Ze tyto bioindikatory mohou
podat vérohodny obraz o stévajici redlné irovni zne€isténi pouze v relativné malé
lokalit&, omezené doletem v¢el (4 aZ 6 km). Bez dostatedného poétu kontrolnich
stanovi3t’ a znalosti transferu kontaminantil v pfirodnim prostiedi je pak velmi obtiz-
né tyto jednotlivé nalezy ztotoZiiovat se z4téZi vétsich oblasti &i regioni.

med; pyl; bioindikator; organochlorové insekticidy;, PCB; téZké kovy; dusi¢nany;
znetisténi Zivotniho prostfedi
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ISOLATION OF ALKALINE PHOSPHATASE
FROM CARP INTESTINAL MUCOSE

Milena KMINKOVA, Ji#i KUCERA, Susanne BROSSETTE'

Food Research Institute Prague, Radiova 7, 102 31 Praha 10-Hostiva¥, Czech Re-
public; 'Universitit des Saarlandes in Stadtwald, D-6600 Saarbriicken, Germany

The method was developed for the separation of carp intestinal alkaline
phosphatase. The method is based on the extraction of intestine homo-
genate with the mixture of 1-butanol with Tris-HCI buffer pH 7.4 and
batch-wise adsorption on DEAE-cellulose. The specific activity of the
enzyme obtained was 58.6 pkat/mg and the purity was checked elec-
trophoretically. The dye-ligand chromatography of this product on the
other hand gives no higher specific activity. The enzyme is not adsor-
bed on Iontosorb blue as well as Iontosorb red at all.

fish; carp; alkaline phosphatase; isolation; purification; chromatogra-
phy; ion exchanger; dye-ligand

Alkaline phosphatase is frequently used in medical and food analysis for
the determination of organic phosphate compounds, as well as in fine or-
ganic synthesis for the preparation of organic phosphates.

The enzyme is usually prepared from calf intestinal mucose (Kirchber-
ger, Kopperschldger, 1982), less frequently from intestinal mucose of
other warm-blooded animals. Alkaline phosphatase was proved to be present
in intestinal mucose of all phylogenetic classes (Komoda et al., 1986) and
was detected in carp intestinal mucose as well (Kuzima, 1984). Neverthe-
less, yet this enzyme has not been prepared from the latter source.

The consumption of alkaline phosphatase, namely for analytical purposes,
is steadily growing. The traditional sources, on the other hand, are limited.

In the present work we have studied the way of preparation of alkaline
phosphatase from carp intestinal mucose, as these sources have not been util-
ized and are available in relatively large quantities.
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MATERIAL AND METHODS

The carp viscera were obtained from the State Fishery Lahovice. The in-
testine was separated from other parts, disintegrated and frozen and kept at
—20 °C. Homogenate was thawn before use at +5 °C overnight.

Iontosorb DEAE, Iontosorb blue and Iontosorb red were the products of
Tontosorb works, Usti n. Labem. Fibrous DEAE-cellulose Whatman DE 11
was used for the batch-wise adsorption. All other reagents were the products
of Lachema Brmo, reagent grade quality.

Protein concentration was determined according to Hartree (1974). The
activity of alkaline phosphatase was determined with the aid of reagent set
Bio-La-Test, Lachema Brno. The determination is based on the hydrolysis of
p-nitrophenyl phosphate. All the chromatographic experiments were carried
out with the use of FPLC model 250, Pharmacia Uppsala.

The ultrafiltration was carried out with the use of Amicon model 2000
equipment with the membrane PM10 (exclusion limit 10 kDa).

Electrophoretic experiments were performed in 7.5% polyacrylamide gel
at pH 8.5 and the proteins were detected by the usual way using Coomasie
blue. The Multiphor II equipment, Pharmacia-LKB Uppsala was used
throughout.

The centrifuge Janetzki T24 was used in smaller scale and MLW Janetzki
K 70D for large scale separation (2000 g, 5 °C).

The extraction of alkaline phosphatase from carp intestinal mucose was
carried out by the following way:

1 kg of homogenate was suspended in 1000 ml of 10 mM phosphate buffer
pH 7.4 containing 2 mM MgClL,. The suspension was stirred for three hours
at 5 °C. After this time 700 ml of 1-butanol was added to the mixture (ap-
prox. 1980 ml) and stirred overnight at the same temperature. Extract was
then separated by centrifugation (60 min., 2000 g). The upper layer contain-
ing butanol and fats was separated and the water phase was used for the
separation of the enzyme. The sediment was reextracted by the same way
and both extracts was combined. The pH of the extract was adjusted to 5.0
by the addition of appropriate amount of 2M acetate pH 4.5 and centrifuged
once more.

For the first orientative experiments the extract was precipitated with am-
monium sulphate, but for the preparative separation the extract was used
without precipitation.
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The precipitation with ammonium sulphate was performed at pH 7.0 in the
range of saturation 35-65%. Sediment was dissolved after separation in
minimal volume of 10 mM Tris-HCI pH 8.0 containing 2 mM MgCL,. Then
the solution was dialyzed against distilled water overnight, clarified by cen-
trifugation and the pH and concentration of MgCl, was adjusted to the start-
ing value by the addition of solid salts.

In the experiments in large scale, when the precipitation was not used, the
extract was dialyzed against distilled water and after centrifugation the con-
centration of MgCl, was adjusted by the addition of solid salt. The pH was
adjusted by the addition of appropriate amount of concentrated buffer. The
final volume was adjusted to 1400 ml by ultrafiltration.

RESULTS AND DISCUSSION

Ionexchange chromatography

The optimum conditions for the adsorption were determined with FPLC
on MONO Q and MONO S sorbents in the column of total volume 1 ml. The
chromatography was carried out in the range of pH from 4.5 to 7.5 with
MONO S and from 5.5 to 8.5 for MONO Q. 10 mM buffers were used (ace-
tate for acidic pH, Tris for alkaline one) containing 2 mM MgCl,. The pro-
teins were eluted with increasing ionic strength up to 0.5 M NaCl in the same
buffer. 1 ml of the ammonium precipitated extract was injected to the col-
umn. The column was washed first with 5 ml of starting buffer and then the
adsorbed proteins eluted with the NaCl concentration gradient with the con-
centration changes 10 mM/ml. This slow changes (recommended maximum
rate of ionic strength change for this salt and sorbent is 17 mM/ml) make
sure that the optimum pH will be determined with the precision appropriate
to the selection of the conditions for batch-wise separation. The cationex-
changer was found to be less efficient in all the range of pH. Optimum con-
dition for anionexchanger adsorption was found to be 10 mM Tris-HCI
buffer pH 8.0. Under this conditions alkaline phosphatase is divided into two
fractions, the first is eluted by the increase in ionic strength to 0.1 M NaCl,
the second to 0.3 M NaCl. The both fractions are different electrophoreti-
cally and both contain alkaline phosphatase activity.
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The chromatography was then repeated in larger scale with the use of sor-
bent Jontosorb DEAE with the same results. Optimum conditions found by
this way were used for the batch-wise separation.

30 g of DEAE-cellulose (Whatman DE 11) was equilibrated with the start-
ing buffer (10 mM Tris pH 8.0 containig 2 mM MgClL,) and added to 1400 ml
of crude extract of carp intestinal homogenate. The suspension was stirred
for one hour at 5 °C, DEAE cellulose was filtered off, washed with the starting
buffer (5 x 250 ml) and resuspended in 250 ml of the same buffer containing
0.1 M NaCl. The first fraction with phosphatase activity was eluted by this
way. The second elution was effectuated with the same buffer but contained
0.3 M NaCl and the second fraction was prepared in the similar way. The
results are summarized in the Table 1.

In the batch-wise preparation the alkaline phospatase is obtained in the
both fractions in accordance with the preliminary chromatographic results.

I. Batchwise adsorption of alkaline phosphatase from carp intestinal homogenate on DEAE-
~cellulose

Step Volume Protein AP activity Specific activit
(ml] [mg/mi] [Wkat/]) [ukat/mg]
Extract 153 9.3 121.9 13.1
Breakthrough fraction 190 0.081 0.06 0.74
Fraction 1 (0.1 M NaCl) 170 0.35 20.5 58.6
Fraction 2 (0.3 M NaCl) 125 1.54 26.06 16.9

No activity was detected in the break-through fraction. In the first fraction,
eluted with 0.1 M NaCl, 18.7% of total activity was obtained, in the second
one (0.3 M NaCl) 17.5% of total activity was found. The total yield of the
enzyme was 35.9%. Specific activity increases in the first fraction by the
factor of 4.5, but in the second fraction by the factor 1.3 only. The both
fractions from the electrophoretic pattern seem to be composed of two isoen-
zymes in different ratio. Similar situation was described by Magiea and
Krull (1992) in the study of aggregation of alkaline phosphatase. Then,
different aggregates are supposed to be separated by this way instead of the
true isoenzymes.
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The yield 35.9% in the first step of isolation is comparable with that usual
in the separation of the same enzyme from intestinal mucose of mammals.
This yield could be influenced by the fact, that all the intestine was used
instead of mucosa giving higher concentration of fats and mucopolysaccha-
rides in the extract. As the raw material is easily available waste, this yield is
acceptable.

Dye-ligand chromatography

Dye-ligand sorbents, Iontosorb blue and Iontosorb red were packed to the
columns of 1 cm ID and the total volume of 8.2 ml (Iontosorb blue) and 8.6
ml (Iontosorb red). The columns were equilibrated with the starting buffer,
10 mM Tris/HCI of appropriate pH containing 2 mM MgCl,. In accordance
with the well-known fact, that the adsorption on the dye-ligand sorbents is
better at lower pH as well as the range of stability of the enzyme in the ques-
tion, we have used the pH range from 6.0 to 8.0. The adsorption of the en-
zyme was not achieved in any pH used. Moreover, the denaturation of the
enzyme takes place during the chromatography and, therefore, the lower
specific activity is obtained after chromatography in comparison with the
starting material. As the mammalian intestinal alkaline phosphatase is
known to be very easily adsorbed on the dye-ligand sorbent and purified by
the biospecific elution with phosphate (Kirchberger, Kopperslidger,
1982), this result suggests that alkaline phosphatase of carp differs from that
of warm-blooded animals.

Carp intestinal alkaline phosphatase separated by the batch-wise adsorp-
tion on DEAE-cellulose is simple, fast and gives acceptable yield. The spe-
cific activity obtained (58.6 pkat/mg) is comparable with that of the commer-
cial preparation (SIGMA, SERVA, Koch-Light). The enzyme obtained is
not physically homogeneous. Slight, but detectable traces of other proteins
are seen in electrophoregrams.
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Izolace intestinalni alkalické fosfatasy kapra

Byl vypracovén jednostupiiovy postup izolace alkalické fosfatasy ze stfev kapra.
Postup spoéiva v extrakci homogenétu stfev smési 1-butano/Tris-HCI pufr pH 7,4
a vsadkové sorpci enzymu na DEAE-perlové celulose (Iontosorb DEAE). Cistota
ziskaného enzymu byla ovéfena stanovenim specifické aktivity (58,6 pkat/mg)
a elektroforeticky. Chromatografie takto ziskaného produktu na sorbentech s imobi-
lizovanymi barvivy (Iontosorb blue a Iontosorb red) nevedla ke zvy3eni specifické
aktivity.

ryby; kapr; alkalické fosfatasa; izolace; sorpce
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MECHANICAL PROPERTIES
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Mechanical properties of canned sweet and sour cherries have been
determined for 23 varieties. A comparison between mechanical proper-
ties of raw and canned fruit varieties was made. Prevailing part of me-
chanical properties of canned sweet and sour cherries depends on the
corresponding properties of the starting raw material. The canned fruits
are always smaller than freshly harvested fruits. The skin of compres-
sed canned fruits cracks at the compression strain which is comparable
with that of freshly gathered fruits, provided that the compression stra-
in of canned fruits is determined as the ratio of compression to their
diameter in the state prior to canning. The compression of canned fruits
initially proceeds at a lower loading of fruit. The extent of this softe-
ning depends on the concentration of substances dissolved in the cell
juice. The initial power shape part of the compression curve is exten-
ded to higher deformations for canned than for freshly harvested fruits.
The exponent value of the power relationship used for mathematical
description of this part of the compression curve is higher for canned
than for freshly gathered fruits. It means that the compression behavi-
our of canned fruits is more similar to the behaviour of skin ball filled
with juice than to the behaviour of elastic ball body.

cherries; canning; mechanical properties

Our previous paper (Blahovec et al., 1993a) deals with mechanical
properties of freshly harvested cherries with respect to their resistance to
pressure damage and susceptibility to skin damage by mechanical gathering.
It was found that fruit resistance to pressure damage was closely related to
mechanical parameters characterizing the initial parts of the compression
curve (tested between two plates), whereas skin damage was best docu-
mented in a separate free fall test. In addition to the above mentioned appli-
cations, compression testing between two plates also gives very usable data
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concerning the dimensions of tested fruits. Simultaneously to the mentioned
study additional experiments with cherry canned fruits were performed and
the obtained results are the basis of this paper.

MATERIAL AND METHODS

In the experiments, 23 fruit varieties were used, the mechanical properties
of which were investigated at harvest maturity (Blahovec et al., 1993a).
Experimental material and characteristics are described by Blahovec et
al,, 1993a. All freshly gathered fruits were canned in the same way accord-
ing to the following procedure: freshly gathered fruits were given into glass
jars (volume 720 ml, Omnia lid type), bottles closed and sterilized in water
bath having the temperature 20 minutes at 90 °C .

Storage temperature of canned fruit was in the range 5 + 2 °C, while stor-
age time was about three months from canning date. The dripped fruits of
individual varieties were used for testing; their basic characteristics are sup-
plemented with data given in Table I, where some other variables used in
this paper for the description of fruits are also defined. The subscript c is
systematically used for variables determined by measurement on canned
fruits. Thus, the ratio d_/d is the ratio of the mean value of diameter of
canned fruits to the mean value of diameter of freshly gathered fruits (both
mean values are related to the corresponding mutually different sets of selec-
tion). The dripped, non-cracked or otherwise undamaged fruits were de-
formed in the way described in the previous paper [quasi-static compression
of the whole fruit between parallel plates, deformation rate 0.83 mm/s, mea-
sured force vs. compression strain (x/d)_, €.g. so called compression curve,
axis of the fruit parallel to both plates] (Blahovec et al., 1993a). Thirty
fruits from each variety were tested by this method using the maximum com-
pression strain (ratio x/d) value fifty percent. The experimental procedure
and evaluation of variables were identical with those used earlier (Bla-
hovec et al.,, 1993a). Unlike the freshly gathered fruits, the canned fruits
were destemmed.

The following variables were obtained:

by — the parameter of the regression relationship applied to the
initial part of the compression curve, for (x/d). less than 0.1,
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Fc=alc+blc(x/d)c [1]
where: a;, —  further regression parameter that is out of our interest,

F;; and (x/d);. — the coordinates of the point of inflexion on the compression
curve, i.e. the point where the slope of tangent to the com-

pression curve is greatest,
by — the parameter of the linear equation which is the tangent of
the compression curve at the point of inflection,
F,=a, +b,(xld), [2]
(e/d) e — the compression strain at which the skin of the compressed

fruits demonstrably starts to crack.
The compression curve is replaced between its origin and the respective
point of inflection with the power relationship,

F,=a, (x/d)% 3]

where: variables a, and k, — determined by the least square method from the logarithmically
transformed relationship [3]
variable F, | ~ the calculated value of F¢ from Eq. [3] for the compression strain
(x/d)c = 0.1
The cracking of fruit skin at different spots of the surface is evaluated by
means of special variables which represent the frequency of crack occur-
rence at different places of the fruit given in percent. If damage occurs at a
certain place of the fruit in more than 50% of cases, it is stated that the vari-
ety is damaged prevailingly in this way and the damages of type 1 (near the
stem), type 2 (at the fruit tip) and type 3 (on fruit side) is concerned.

RESULTS

The results of experiments are summarized in Tables I-IV. The tables
contain the mean values of determined variables, whereas variance of the
measured values for individual variables is very similar to the variance of
these variables for freshly gathered fruits (Blahovec etal., 1993a). As for
the important dimension data in Table I, the ratio of average diameters of
fruits before canning and of canned fruits must be included among them (in

379



Potrav. Védy, 12, 1994 (5): 377-391

I. Basic characteristics (mean values) of the tested varieties harvested in 1990 and/or 1989 (*)

Harvested fruits :
: dimensions Ratios
Sort type and variety ' raw miss | disnseter
diameter mass
flesh canned
[mm] [£] total raw
Sweet cherries (Prunus avium L.)
. .-Ui Karefova 20.0 6.21 0.924 -
§ S |* 19.2 5.98 0.923 0.954
5 873
5> & | Kadtdnka 18.2 438 0.922 -
§ <3 Burlat 20.1 6.71 0.940 0.930
_;; s [Battner 18.3 3.86 0.904 0.907
g8 ,.§ Frihe Rote Meckenheimer 20.9 7.10 0.934 0.890
E§ f:> Lambert 20.2 5.62 0.904 | 0.851
£3 5 | Moreaut 21.2 5.95 0.904 | 0.943
Granit 18.3 4.99 0.932 0.929
Kordia 19.5 5.65 0.926 0.918
* 21.1 6.41 0.927 0.919
3 | Napoleonova 18.5 4.83 0918 | 0.886
2 | 21.1 6.44 0929 | 0924
§ Starking Hardy Giant 21.3 5.02 0.898 0.897
: Schneiderova (Thum-Taxis 21.5 7.42 0930 | 0.884
2 Sam 19.4 5.47 0.914 0.897
T |stela 23.1 8.70 0938 | 0.892
F Stella Compact 21.7 6.46 0.933 0.820
Téchlovické* 20.5 6.50 0.926 0.912
Van 19.8 5.28 0.934 0.924
Sour cherries (Prunus cerasus L. subsp. eucerasus A. GR., var. austera L.)
Erdi bdtermd 19.4 5.15 0.911 0.891
Fanal 18.3 4.74 0.886 0.951
Korosi 19.2 434 0.878 0.880
Montmorency* 19.6 5.35 - 0.929
Morellenfeuer 16.2 3.98 0.905 0.938
North Star 16.4 422 0.917 0.927
* 16.0 3.42 - 0.944
Zéhoratka 17.5 3.70 0.876 0.886
* 17.4 3.16 = 0.822
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1. The obtained parameters of compression testing of canned fruits between two plates at con-
stant strain rate

Slope of the curve [N] Inflex Rstz’);u;e
Yanety force strain
initial inflex. N % =
Sweet cherries
KareZova* 15.9 40.0 5.5 0.243 0.497
Burlat 17.5 104.0 12.5 0.365 0.498
Bittner 20.0 78.2 10.6 0.233 0.500
Frihe Rote Mecken. 17.5 75.1 10.0 0.278 0.472
Lambert 17.5 943 16.3 0.390 0.444
Moreau* 17.7 61.0 8.4 0.266 0.465
Granit 15.4 553 17 0.278 0.454
Kordia 21.6 177.0 29.0 0.373 0.432
* 19.8 100.6 17.7 0.334 0.460
Napoleonova 17.1 80.9 13.1 0.309 0.477
* 17.8 70.9 10.9 0.286 0.444
Starking Hardy Giant 19.1 111.0 18.6 0.326 0.432
Schneiderova 18.2 132.0 213 0.379 0.420
Sam 21.2 108.0 19.5 0.353 0.501
*Stella 15.6 582 9.7 0.313 0.474
Stella Compact 17.5 120.0 19.8 0.348 0.491
*T&chlovicka 17.5 73.8 12.5 0.335 0.470
Van 18.4 145.0 22.7 0.312 0.449
Sour cherries
Erdi Botermd 11.1 33.7 4.7 0.347 0.455
Fanal 12.1 43.1 5.9 0.375 0.515
Kordsi 13.5 49.1 6.3 0.345 0.497
*Montmorency 12.6 54.4 7.7 0.355 0.436
Morellenfeuer 10.9 42.7 6.5 0.380 0.541
North Star 11.4 29.6 49 0.309 0.459
¢ 11.8 40.3 6.8 0.400 0.452
Zéahoratka 114 43.7 6.2 0.381 0.503
» 10.9 51.2 7.6 0.425 0.490

*  denotes 1989 results

** strain is defined as dimensionless ratio of deformation and initial diameter of the deformed
fruit
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III. Mean values of parameters in the power relationship [3] obtained by the regression analysis
of the initial parts of compression curves. Fy, . is compression force calculated from Eq. [3] for
compression strain (x/d), = 0.1 and parameters a,, and k_ given in this table.

Variety Regression parameters of eq. [3] Foia
as. [N] k, [N]

Sweet cherries
*Karesova 101.0 2.04 0.92
Burlat 471.7 3.30 0.24
Biittner 221.6 2.12 1.73
Frithe Rote Meecken. 228.9 2.43 0.85
Lambert 171.5 2.48 0.57
Moreau* 179.8 2.85 1.01
Granat 150.6 232 0.72
Kordia 328.0 2.50 1.04
* 169.8 2.06 1.48
Napoleonova 164.4 2.14 1.19
. 146.4 2.07 1.25
Starking Hardy Giant 190.8 2.08 1.59
Schneiderova 263.1 2.60 0.66
Sam 148.1 1.97 1.59
*Stella 113.4 2.13 0.84
Stella Compact 247.7 2.39 1.01
*Té&chlovickd 141.5 2.20 0.89
Van 309.9 2.33 1.45

Sour cherries

Erdi Bstermd 98.0 2.81 0.15
Fanal 139.9 3.20 0.09
Kordsi 190.3 3.17 0.13
*Montmorency 178.5 2.97 0.19
Morellenfeuer 190.5 2.88 0.15
North Star 67.8 2.21 0.42
. 96.1 2.87 0.13
Zéhoratka 141.7 3.15 0.10
G 164.6 3.47 0.06

* denotes 1989 results
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IV. Localization of skin damage to canned fruit after compression (strain about 50 percent)
between two plates

Fraction of fruits in % Prevailing type
Variety
type 1 type 2 type 3 canned fresh
Sweet cherries
Karefova* 0.0 153 84.6 3 1
Burlat 24.4 244 51.2 3 3
Bittner 4.5 20.0 37.5 0 1
Frithe Rote Mecken. 23.8 16.7 59.5 3 1
Lambert 32.7 25.0 423 0 3
* Moreau 66.7 19.4 13.9 1 1
Granit 54.3 17.1 28.6 1 2
Kordia 52.9 5.9 41.2 1 1
* 85.7 5.7 8.6 1 1
Napoleonova 41.2 23.5 353 0 2
s 91.4 5.7 2.9 1 1
Starking Hardy Giant 49.2 27.1 23.7 0 1
Schneiderova 449 4.1 51.0 3 1
Sam 34.2 26.3 39.5 0 1
*Stella 58.8 35.8 5.9 1 0
Stella Compact 324 29.6 47.0 0 3
*Té&chlovick4 29.0 54.8 16.2 2 2
Van 63.8 27.7 8.5 1 1
Sour cherries

Fanal 16.7 333 50.0 3 0
Kordsi 46.0 4.0 50.0 3 2
*Montmorency 96.9 0.0 3.1 1 0
Morellenfeuer 0.0 40.0 60.0 3 3
North Star 28.9 31.6 39.5 0 2
* 93.8 0.0 6.2 1 0
Zéhoratka 273 114 61.4 3 3
* 93.0 0.0 7.0 1 3

Classification of the observed cracks into types: 1 — near fruit stem, 2 — near fruit tip, and 3 -

on fruit side. Mark 0 is used when the prevailing type of fruit damage cannot be determined,
* denotes 1989 results
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both cases different selection sets are concerned). This ratio assumes the va-
lues in the range 0.882-0.954 and shows that all the sweet cherry and sour
cherry fruits shrink during canning and subsequent storage.

Table II presents the values of basic variables of the compression test and
Table III contains the parameters related to the power description of com-
pression in the first part of compression curve — see equation [3]. The data
on the character of fruit skin damage in the compression test are given in Table I'V.

DISCUSSION

Differences between varieties as can be seen from differences between
measured variables are apparent from Tables I-IV. There are large differ-
ences between some parameters and reader can find them for special varie-
ties which are interesting for him.

But, our aim was to find general relationships between variables which
can be utilized for prediction of mechanical properties of a broad family of
~ varieties from limited number of most important mechanical parameters.

(/)
1 7 ® (xl/d)xe =0.294 + 0.41(x/d)x
r=0.49

(x/d)xe = (x/d)x

(x/d)xe . deld = 0.174 + 0.584 (x/d)x
r=0.67

v
05 v

e

045

04

03

S
035

0 o0 05 (0, o5

1
1. Dependence of compression strain of canned fruits at which the skin cracks — (x/d),, on the
same variable for freshly gathered fruits — (x/d), (o — sweet cherries, V'— sour cherries, plotted
values are the mean variety values). Filled marks denotes the following variable: (x/d), *(d /d),
where d_is the mean diameter of canned fruits and d is the mean diameter of the gathered fruits
of the same variety
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1990
(O sweet cherries

'/ sour cherries

2. Mutual dependence of the ratios of
variables measured in canned fruits and
freshly gathered fruits: the slope of initial
parts of compression curves (b1¢/b1) and
elasticity moduli (Ef/E)) of flesh
determined by penetration of a cylinder
with a flat face (Blahovec et al., 1993b)

Relationships between different parameters are very close to the relation-
ships between variables found in freshly gathered fruits (Blahovec et al,
1993a). Also the corresponding variables measured in freshly gathered
fruits, and in canned fruits are closely related. The following pairs of vari-

ables exhibited especially close relationships: d—d_, b,—b

b,~b,. k -k,

le?

and F,,,—F, .. The diameter of canned fruits is always smaller than the
diameter of freshly gathered fruits. As follows from Fig. 1, the relative com-

» T

sweet cherries
O 1990

@ 1989

sour cherries
Vv 1990

WV 1989

@ FulFi=-0.287 + 1.409 (bao/by)

r=0.847

3. Mutual dependence of the ratios of
variables measured at compression
between two plates in canned and freshly
gathered fruits: force in the point of
inflexion of compression curve (Fic/F;)
and the slope of compression curve in the
point (bac/b2)
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V.K. - - ' '
% 1990 O fresh sweet cherries
=l : i @ canned sweet cherries
V fresh sour cherries

|' W canned sour cherries

4. Dependence of the of coefficient

l variation (VK) for parameters k and

0 1 2 KB % ke (see eq. [3]) in the variety sets on
' 1 the values of these parameters

pression of canned fruits at which the skin begins to crack is higher than that
of freshly gathered fruits. One of the reasons of this phenomenon may be the
decreasing inner volume of fruits during canning. This decrease in fruit vo-
lume is manifested by the calculation of relative variables having the fruit
diameter in the denominator — (x/d), and (x/d), .. By multiplying the variable
(x/d),, by the ratio d_/d, we obtain an estimate of the mean value of variable
x /d (Fig. 1), which has the values very close to the corresponding values
(x/d),. The values modified in this way (solid signs in Fig. 1) occur near the
line (x/d),, = (x/d),. Consequently, it seems that the skin of canned fruits
cracks at about the same compression strain as the skin of freshly gathered
fruits provided the compression strain is related to the original diameter of
fruits (at their gathering).

The skin of canned fruits cracks in about the same regions of fruit as the
skin of freshly gathered fruits, only the fraction of cracks at the tip of canned
fruits is smaller than that of freshly gathered fruits (Table IV).

The first part of compression curve is described by the slope b, (or b, for
freshly gathered fruits). The ratio of these variables b, /b, is lower than I; it
is about 0.5 for sweet cherries and 0.7-0.9 for sour cherries. Values of this
ratio depend on the ratio of fictitious elasticity moduli E,JE, as can be seen
from Fig. 2. The above elasticity moduli are related to the properties of flesh
of canned fruits (E,) and freshly gathered fruits (E) of the investigated va-
rieties (Blahovec et al, 1993b). The ratio Efc/Efassumes the values in the
range 0.4—1.5 for these varieties. With both fresh fruits and canned fruits, the
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first part of compression curve also depends on the content of components
dissolved in fruit juice. The parallel study of the juice refractive index
(Borovska, 1990 — unpublished) revealed that the values of the initial
slope of compression curves for fresh fruits (b,) and canned fruits (b, ) and
also their ratio b, /b, increase with the increasing refractive index of fresh
fruit juice. The initial slope of the compression curve for canned cherries is
less variable than the similar slope for freshly gathered fruits; b, can be
approximated by the following values: 18.2 + 1.2 for all tested sweet cherry
varieties, and 11.7 % 0.6 for all tested sour cherry varieties.

Canning of sweet cherry and sour cherry fruits mostly causes changes in
the region of the point of inflexion (Fig. 3). The increase in strength is
mainly concerned, which may sometimes be considerable and is obviously
caused by a decrease in the number of cracks emanating from the flesh into
the skin of fruit and by the growing role of skin for fruit stability.

: O sweet cherries 1990 fresh
@ sweet cherries 1989 fresh
¥ sour cherries 1990 fresh

W sour cheries 1989 fresh

O sweet cherries 1990 canned
W sweet cherries 1989 canned
Z/\ sour cherries 1980 canned
A sour cherries 1989 canned

(x/d),
= 0.112+ 7.85T ; r=091

1 L t |

k
7
@ k =0.650+5.66(x/d), ; r=063
@ &,

& . =0.549+6.61(/d),_.d /d
(), (/o). 0./
T 4]

5. Dependence of exponent k (or k,) in the relationship (3) on the compression strain in the
point of inflexion. On the horizontal coordinate axis, the variable (x/d); is plotted for freshly
gathered fruits, (x/d); for canned fruits, and (x/d),..d/d, for the expression plotted as number 3.
The data for freshly gathered fruits and the hatched area are taken from the previous paper
(Blahovec etal., 1993a)
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The whole first part of compression curve of cherries can be described by
expression [3]. However, the variance of obtained values of empirical pa-
rameters a, (a;) and k (k) increases with the increasing value of coefficient
k or k_, as it is shown in Fig. 4 for the second case. The coefficient of vari-
ation for variable k is in the range 8-11% for k smaller than about 1.6,
whereas for k in the range 2-3 it amounts to 10—30%. This behaviour may
have various causes. One of the causes can be the increase in values (x/d),
and (x/d),, with the increasing value of & and k_, respectively, and vice versa
- Fig. 5 and the preceding paper (Blahovec et al., 1993a). With the grow-
ing extent of compression strain for which the best agreement between ex-
perimental values and the relationship [3] should be obtained, the increase in
variance of the obtained values a; and %, or a,_ and k_, for canned fruits may
occur as well as the increase of the corresponding coefficients of variation .

CONCLUSIONS

The following facts concerning the mechanical properties of canned sweet
and sour cherries were ascertained by the analysis of experimental results:
1. A majority of mechanical properties of canned sweet and sour cherries

depends on the corresponding properties of the starting raw material;

2. Canned fruits are always smaller than fruits before canning (freshly har-
vested fruits);

3. The skin of compressed canned fruits cracks at a compression strain which
is comparable with that of freshly gathered fruits at the moment of skin
cracking, provided that the compression strain of canned fruits is determi-
ned as the ratio of compression to their diameter in the state prior to can-
ning;

4, Compression of canned fruits initially proceeds at a lower loading of fruit,
the extent of this “softening™ depends on the concentration of substances
dissolved in the cell juice (refractive index);

5. The initial part of compression curve described by the power relatxonshlp
[3] is extended for canned fruits; the found values of exponent k. in this
relationship are higher than in freshly gathered fruits (k);

6. The slope of compression curve near the point of inflexion is always higer
for canned fruits than for freshly gathered fruits.
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List of symbols

parameter of the eq. [1] for canned fruit [N]
a,, parameter of the eq. [2] for canned fruit [N]

as, parameter of the eq. [3] for canned fruit [N]
by, parameter of the eq. [1] for canned fruit [N]
b, parameter of the eq. [2] for canned fruit [N]

d, diameter of the canned fruit [mm)]

d diameter of the fresh fruit [mm]

Fg force (here measured at compression of canned fruit) [N]
k. exponent in eq. [3] valid for canned fruit [-]

x deformation [mm]

Indexes
i at inflexion point
c canned
at skin crack
0.1 at deformation 10%
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Praha-Hostiva¥, Vysoka $kola zemédélska, Praha-Suchdol)

Mechanické vlastnosti kompotovanych tiesni a vi$ni

Byly stanoveny mechanické vlastnosti 23 odriid tfe$ni a vi¥ni a porovnény jejich
hodnoty naméfené pro &erstvé a kompotované plody téZe odriidy. PfevaZna &ast me-
chanickych vlastnosti Eerstvych plodi koreluje s hodnotami namé&fenymi na plodech
kompotovanych. Kompotované plody jsou vZdy mensi neZ &erstvé. Prasknuti slupky
stlatovanych kompotovanych plodil nastane pii deformaci srovnatelné s deformaci,
pfi niZ praskaji plody Cerstvé, za predpokladu, Ze vyjadiime deformaci jako pomér
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skute¢ného stlaCeni plodu a jeho velikosti v Eerstvém stavu. Stejné deformace lze
u kompotovanych plodii dosdhnout mensi silou neZ u plodi erstvych. Stupeii tohoto
zmé&knuti z4visi na koncentraci substanci rozpusténych v bun&éné $tavé. Nab&hovou
Cast zat€Zovaci kiivky lze popsat mocninovou zavislosti. U kompotovanych plodii
plati mocninové zavislost do vétSich deformaci nez u plodi Eerstvych. Exponent této
zavislosti je v&tsi u kompotovanych plodil neZ u plodi Eerstvych. Z toho plyne, Ze se
kompotované plody mnohem vice bliZi deforma¢nimu chovéni tenkosténnych mi¢a
vypln&nych tekutinou.

Plody byly kompotovany v 720ml sklen&nych lahvich s vi¢ky typu Omnia. Plody
byly umistény do lahvi a zality cukernym roztokem (1,5 kg cukru na 1 litr vody)
a sterilovany ve vodni lazni o teplot& 90 °C po dobu 20 minut. Skladovéni probihalo
v lednici o teploté 5 °C po dobu cca tii mé&sicil. Poté byly plody ponechiny odkapat
a mé&feny jejich mechanické vlastnosti pfi stlaovani mezi dvéma deskami pfistroje
Instron 1140 (rychlost desek 0,83 mm/s).

K popisu potétetni faze zat€Zovaci kiivky byla pouZita rovnice [1]. K popisu
hlavni pfimkové &4sti (ukonCené inflexnim bodem na kiivce) byl pouZit vztah [2].
K popisu mocninové asti zatéZovaci kiivky od po&atku do hlavni pfimkové Casti
slouZila rovnice [3].

Vysledky stanoveni rozméni plodi jsou uvedeny v tab. I, kde jsou rovnéZ uvedeny
pomeéry veli¢in k plodiim erstvym. V tab. II jsou uvedeny vybrané parametry vztahi
[1] a [2], v&etn sily a deformace v inflexnim bod& a deformace v dob& prasknuti
slupky pfi stlalovéni. V tab. III jsou uvedeny parametry mocninové zavislosti [3]
a vypo&tené hodnoty sily pro 10% deformaci. Ze viech téchto hodnot je moZné ¢init
zavéry o srovnani odriid z hlediska jejich pevnosti po kompotovani.

V tab. IV jsou uvedeny 1idaje o procentudlnim zastoupeni prasklin pfi stlaovani
v riznych mistech plodi jak kompotovanych, tak (pro veli€inu — pfevaZujici typ
prasklin) &erstvych. Zavislosti mezi vybranymi parametry kompotovanych a ¢er-
stvych plodi jsou uvedeny v obr. 1 aZ 3. V obr. 4 je uveden varialni koeficient
exponentu k jako funkce hodnoty k. Pro rostouci hodnoty k variani koeficient roste.

Zavéry:
1. PfevaZna &4st mechanickych vlastnosti ¢erstvych plodi koreluje s hodnotami na-
méfenymi na plodech kompotovanych.

2. Kompotované plody jsou vZdy men3i neZ Cerstvé.

3. Prasknuti slupky stlaovanych kompotovanych plodii nastane pii deformaci srov-
natelné s deformaci, pfi niZ praskaji plody Cerstvé za pfedpokladu, Ze vyjadfime
deformaci jako pomér skuteéného stladeni plodu a jeho velikosti v Eerstvém stavu.

4. Stejné deformace Ize u kompotovanych plodit dosdhnout mensi silou neZ u plodi
Serstvych. Stuperi tohoto zmé&knuti zavisi na koncentraci substanci rozpusténych
v buné&éné stave.
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5. Nab&hovou &ast zatéZovaci kiivky Ize popsat mocninovou zavislosti. U kompoto-
vanych plodi plati mocninové zavislost do v&tich deformaci neZ u plodi &er-

stvych. Exponent této zavislosti je vétSi u kompotovanych plodil neZ u plodil
Cerstvych.

6. Sklon zat&Zovaci kiivky v blizkosti inflexniho bodu je témé&Ff vZdy vy3si u kompo-
tovanych neZ u &erstvych plodi, totéZ plati i o sile v inflexnim bodé& (obr. 3).

tfe3n&; visn&; kompotovani; mechanické vlastnosti
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NEKROLOG

Za ing. Miloslavem R u t e m, CSc.

Koncem &ervence nés zastihla smutna zprava. Uprostied &inorodé prace ve véku
nedoZitych 58 let zemiel na nasledky zranéni po autonehodé ing. Miloslav R u t,
CSc., vedouci oddéleni mikrobidlnich produkti Vyzkumného tstavu potravinaiské-
ho Praha.

Ing. MiloslavR u t senarodil 19.10.1936. Po studiich na Stfedni priimyslové 3ko-
le potravinaiské technologie a Vysoké 3kole chemickotechnologické, obor kvasna
chemie, nastoupil v roce 1961 do lihovaru v Kralupech nad Vitavou. Ve Vyzkum-
ném ustavu potravinaiském byl zamé&stnan od roku 1963 a pracoval na problematice
vyroby mikrobidlnich enzymi. Diky svym odbornym znalostem a organizanim
schopnostem byl vybran jako expert pro praci v zahrani¢i a v letech 1965 aZz 1967
plsobil na Kubg.

Ani jemu se nevyhnuly nepfijemnosti v dob& normalizace v 70. letech a v jejich
dusledku piesel v roce 1971 do Vyzkumného tstavu krmivaiského priimyslu a slu-
Zeb v Petkach, kde pracoval v prazském oddéleni mikrobidlnich vyrob na problema-
tice vyroby kvasniénich bilkovin ze syntetického etanolu. Nejvé&tsich tspéchii doséhl
v oblasti materidlovych bilanci procesu v pravé kvasnic pro potravinafské vyuZiti
a pii automatizaci a regulaci potravinafskych procest.

V roce 1983 byl s celym oddélenim pfeveden zp&t do Vyzkumného ustavu potra-
vinafského v Praze, kde pokratoval v feeni rozpracované problematiky. Ing. Milo-
slav Rut, CSc., patfil mezi pfedni védecké pracovniky v oblasti syntézy
mikrobidlnich bilkovin s vyraznymi schopnostmi aplikace ziskanych poznatki
v priimyslové praxi.

Byl autorem a spoluautorem né&kolika desitek odbornych &lanki a pfednasek,
14 patent a autorskych osvéd&eni. V posledni dobé vedl vyzkumny projekt Deficity
stopovych prvki ve vy2ivé a jejich saturace dietetiky mikrobidlniho pivodu a mél
velky podil na vyzkumu a zavedeni vyroby dietetika s organicky vdzanym chromem
pro prevenci cukrovky.

Odchodem ing. Miloslava R u t a, CSc., ztratil Vyzkumny ustav potravinéfsky vy-
znamného pracovnika a zamé&stnanci ustavu dobrého pritele.

Spolupracovnici VUP
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DISTRIBUTION AND PROFILES OF LOCAL TEMPERATURES
IN HOMOGENEOUS LIQUID MATERIALS
DURING MICROWAVE HEATING*

Jitina HOUSOVA, Karel HOKE, Petr TOPINKA

Food Research Institute Prague, Radiova 7, 102 31 Praha 10, Czech Republic

Microwave heating has many advantages over conventional heating,
but the process itself is compicated. Not only the heating rate the tem-
perature distribution in the heated material is different in-the microwave
and conventional heating. The problems with temperature uniformity
are known from practical using of microwave ovens. Many factors in-
fluence the temperature distribution in the food heated by microwaves
including microwave field pattems in the oven cavity, food and package
geometry and size, food composition and physical properties, tempera-
ture. Because of complexity of its influence, the design of optimal pa-
rameters for microwave heating presents a serious problem. The
fluoroptic thermometric system LUXTRON 755 was used for monito-
ring of local temperatures history in four different liquid materials he-
ated by microwaves in flat cylindrical glas containers (dia 185 mm).
The household oven MOULINEX 850 W was used for experiments.
The experiments were made with heating of 1 000 ml samples of po-
table water, solution of NaCl (6% weight), mixture of water and dried
mashed potatoes (13% dry matter) and sunflower oil. The experimental
transiet temperature profiles for different places inside the heated ma-
terials, the axial and radial temperature profiles in heated materials as
results of this study are shown and discussed. The comparison with
recent results of other autors and microwave heating theory is carried
out too.

microwave heating; temperature distribution; heating uniformity; tem-
perature profiles

* The work was supported financially by the Czech Ministry of Economy (project No Z 606)
and Czech Ministry of Agriculture (project No A 0935 0120).
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The temperature distribution and the rate of temperature change in materi-
als during their heat treatment determine both the quality of the final product
and the economy of the heating process.

Microwave heating differs from the classic procedures especially in the rate
of temperature increase. The speed of heating that represents the largest advan-
tage of this method is also in relation with the mechanism of this process.

The classic heat transfer from the external source through the surface of
the heated material is in the microwave (MW) procedure substituted by heat
generation directly in the mass of the heated substance. The heat generation
and the subsequent temperature rise occur within the whole volume of the
material into which the mocrowaves can penetrate.

The heat generation throughout the sample volume causes — jointly with
other specific properties of MW — that the heat distribution within the sub-
stance differs from that typical of the classic methods of heating.

Whereas in the classic heating procedures maximum temperatures can be
expected on the surface of the heated substance and minimum temperatures
in its middle, a quite different situation can occur durring MW heating if the
effects of composition, physical properties, shape and size of the heated substance
are suitably adjusted. Even a completely uniform heating, which is impossible by
the conventional methods, can be achieved by MW also in solid materials.

Complex geometry, dimensions, composition and also the heterogeneity
of most food materials and products with the mechanisms of microwave
heating and larger or smaller nonhomogeneity of the microwave field in real
equipments sometimes, however, result in an opposite phenomenon, i.e. the
heating is nonuniform. Such heating is considered a cause of the possible
negative effect of MW on the quality and hygienic safety of foods processed
in MW equipments (Ohlsson, 1990; Burfoot,Foster, 1992;
Dealer etal, 1992).

Obtaining of exact data on the course and distribution of temperatures dur-
ing MW heating was hindered by technical problems connected with tem-
perature measurement in the MW (electromagnetic) medium. A significant
improvement was reached after the introduction of thermometric systems ap-
plying optical fibres Hou8ova, Topinka, 1993) that represent

“a useful tool for the investigation of the course and effect of MW heating.

This paper brings the results of the first part of experimental study during

which the distribution and course of temperatures were monitored during
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MW heating of different food materials and products by means of the
fluoroptic measuring system LUXTRON 755. The whole investigation was
performed with the financial assistence of the Ministry of Economy and
Ministry of Agriculture of the Czech Republic. The results outlined here deal
with MW heating of liquid materials with different viscosity and chemical
composition treated in a container of cylindrical shape.

MATERIAL AND METHODS

Experimental equipment

MW oven for households MOULINEX FM 2915 Q, declared output 850 W,
calibrated output 890 W (IEC 705), frequency 2 450 MHz, cavity volume
24 1, without the turntable (removable glass shelf), five basic output degrees,
four intersteps.

Material

Potable water, NaCl solution in potable water (6 mass %), sunflower oil
(Lukana, Manufacturer: Milo Olomouc), mixture of potable water and dried
mashed potatoes (Starch Works Bohdalov) prepared by mixing of 300 g
dried mashed potatoes, 1 200 ml boiling potable water and 800 ml of water
with temperature of 20 °C. After adding of the mashed potatoes and mixing
the temperature was adjusted to approximately +5 °C.

Chemical composition of the mashed potatoes is given in Table I, physical
properties of the model materials are shown in Table II (according to litera-
ture or measurements performed).

Container for heating: glass container 185 mm inner diameter, 69 mm
high, 2 mm wall thickness and mass 0,424 kg.

I. Composition of mashed potatoes according to the chemical analyses

Dry [%] Proteins [%)] Chlorides [%] Fats [%] Glycides [%]
13.06 1.59 0.04 0.06 " O1L12

Measuring devices

Temperature: LUXTRON 755 (Luxtron Corp., California, USA), four
probes type MIW 2 m, working with PC by means of a series port RS 232.
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IL. Physical properties of used materials

Tem- Specific Heat Pene- 5
Material peratu-| Density heat. cont.luctl- e’ e” tration g
re capacity vity depth K-
[°C] | [kem?) | DikegK] | (WmK]| [1 n | [m
20 998 4180 0.598 78 12.74 | 0.0135 1
Water
80 972 4199 0.669 62.5 4.92 0.0313 1
Miashed 20 1035 3 800 0.45 65 | 227 |o0007 | 2,3
potatoes 50 1035 3 800 0.45 72 28.0 0.006 2,4
Simflower|...20 916 1930 0166 | - 249| 018 | 0170 | 3,5
oil 80 876 2110 | 0.151 2.56| 0.185 | 0.168 5
Solution
NaCl 6% 20 1041 3890 0.593 60.5 7.0 0.0216 | 1,5

1 = Rogov, 1981; 2 =Ambros, 1993; 3 = Kent, 1987; 4 = Datta et al., 1992;
5 = Sestédk etal, 1993

A plexiglass plate with holes and special devices for the fixation of probe
location were used for the installation of the probes. During the major part of
experiments the plate was positioned on the upper part of the container. The
scheme of the measuring equipment and of the probe installation is shown in
Fig. 1.

Mass: The balance OWA with upper scale with capacity up to 5 kg (OWA
Labor).

Time: Digital stop-watch DS 35 (Pragotron)

Chemical analysis of the mashed potatoes: Dry matter, fat, protein, chlo-
rides and ash were determined, the content of glycides was calculated to
100% (K rtic&ka, 1993).

LUXTRON
—pC
»O 127.8]
—pQ ezl
¥ 12n.4]

RS 232

Microwave oven
1. Temperature measurement set-up with LUXTRON 755
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Testing procedures. The respec-
tive voluminal amount of the model
material (1 000, resp. 1 500 and 500
ml) was placed into the glass con-
tainer for heating. The layer height
of 1 000 ml was 38 mm.

After filling, the container was
positioned in the middle of the glass
shelf, the probes were adjusted to
the required positions, the heating
regime and the regime for tempera-
ture measurement were adjusted and
the MW equipment was switched
on. The sample mass was determi-
ned before and after the heating.

2. LUXTRON probes locations inside of mate- The majority of tests was per-
rials heated in cylinflric?l glass container, formed at the full input (850 W),
placement of the container in the oven :
some experiments were perfomed at
lower input (degree I, 567 W).

The time of the heat treatment depended on the material treated and was
chosen in the range 240 sec (1 000 ml of oil) to 720 sec (1 500 ml water). The
highest temperatures obtained reached 70-90 °C.

80 (_L_ﬁ
g e S E N
é ” \\\\ /
3 N \‘2
| 2 N
30 Linear regression
20 T=0.163*time + 11.6
\
i Jatiad adt o]
0 60 120 180 240 300 360 420
MOULINEX level IlI time [s] heating time 420 s

3. Experimental transient local temperature profiles at central layer of water (sample 1 000 ml,
probes in left side of container)
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90
80 r——
\ end of heating
76 \
E - \
e
2. en
s 50 o —— 210 of heating
s
30
2 start of heating
10 PE‘_— m—
upper central bol
probes placement - left side

1} T2 ™ T4

4. Axial temperature profiles during microwave heating of 1 000 ml water (probes on left side
of container) ’

The temperature was simultaneously measured at four locations with
probe ends always at the same distance from the container bottom. The holes
for probe installation were located in a straight line parallel to the door
plane, the probe distance was 30 mm, the distance of the marginal probes
(T 4) from the container perimeter was 2,5 mm (Fig. 2). In the majority of
tests the probes were installed in the left half of the container, some measure-
ments were carried out in the right half as well. The temperatures were suc-
cessively measured at three probe distances from the container bottom
(Fig. 2). The measurements at each distance were repeated three times.

RESULTS AND DISCUSSION

The time course of the temperatures in the four measured locations was
ascertained for each probe position and measurement parameter. The results
were further processed (e.g. mean values were calculated for the individual
repeated measurements, the profiles of axial and radial temperature distribu-
tion during heating were determined etc.)

The distribution and the time course of local temperatures during water
(1 000 ml) heating by MW in the flat cylindrical container is shown in Fig. 3
(the time course of the four local temperatures in the middle of the water

398



Potrav. Védy, 12, 1994 (5) : 393-406

—T

" =

temperature [<C]
B & &8 8
B
B
UUNUUL

0 20 60 90 120 150 180 210 240 270 300 330 360 390 420
time [s]

5. Transient temperature profiles — microwave heating of 1 000 ml water and NaCl solution
(average values of temperature for upper, central and bottom layers was used)

layer in the left half of the container). The distribution of water temperatures
in the vertical direction at the start of measurement, during heating and at the
end of heating (7 min) is shown in Fig. 4.

The tests showed that the temperature distribution in water was fairly uni-
form in the radial direction (the measurements in the individual planes
differed in the range 1-5 °C). An increase in water temperature in the con-
tainer in the direction from the bottom to the surface was regularly repeated.
After 420 sec of heating 1 000 ml water the difference between the mean

T/}* ;dm
R T i ‘ool hastng

-
S

) :_T\\\ D i

3; :‘k\\\’\\ //V / _E::

e £ | o
*oN — =
. W 'n . In W W[ Bn., "

probes - upper layer
6. Radial temperature profiles — microwave heating of 1 000 ml mashed potatoes (probes in
upper layers, left and right sides of container, heating time 420 s)
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temperature of the upper and the lowest measured layer equalled to 20 °C
(mean value). When 1 500 and 500 ml water were heated, the difference was
23 and 10 °C, resp.

If a cork underplate (38 mm) was positioned under the container, the pre-
heating of the surface layer (in comparison to the first layer measured above
the bottom) decreased in the average by 6 °C after 420 sec heating of 1 000 ml
water.

An addition of NaCl and especially of the dried mashed potatoes to the
potable water resulted in a substantial increase of the heating nonuniformity
both in the vertical and in the radial direction. In the experiments, in which
aqueous NaCl solution (6%) was heated, a very rapid rise of temperature in
the upper layer of the solution and a much slower heating of the middle and
lower layers were observed.

The temperature of the upper layer of NaCl solution increased with a sig-
nificantly higher rate than the temperature of the upper layer of water, i.e.
the temperature of 80 °C was obtained the upper layer of aqueous NaCl so-
lution in 240 sec, in water it took 420 sec. The central and especially the
lower layer of NaCl solution were — on the contrary — heated much more
slowly than the corresponding water layers (Fig. 5). A comparison shows
that after 7 min of heat treatment the mean temperatures of water and NaCl
solution were 63 and 50 °C, resp., in the measured layer just above the bottom.

80

—
A o T
& NN\
) TR N
e MNAN AN
8 50 \\
=]
E 40
E ao —
k-] P %
20 = 7 Linear regression
e T = 0.327 * time + 8.4
107 ~a
o 30 60 %0 120 150 180 210
MOULINEX levei i1 |  time [s] heating time 2108

7. Transient temperature profiles — microwave heating of sunflower oil (probes in central layer,
left side, time of heating 210 s)
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8. Radial temperature profiles — microwave heating of sunflower oil (probes in upper layer, left
and right side, heating time 210 s)

The difference in the mean temperatures of the upper and the lowest layer
of 1 000 ml NaCl solution reached 45 °C after the same time of treatment
(420 sec).

The heating of NaCl solution also showed temperature differences in the
radial direction, especially in the upper layer (10—20 °C). In the direction to
the container bottom the differences in the radial direction diminished.

The curves expressing the profiles of local temperatures in the middle and
especially in the lower layer were not as smooth as those in other materials.
The Luxtron probes scanned temperatures oscillating in the range 5 °C.
These oscillations increased in the direction toward the bottom.

An extremely nonuniform temperature distribution an the heating of
1 000 ml sample of mashed potatoes is obvious in Fig. 6 (the distribution of
local temperatures in the radial direction of the upper layer of mashed pota-
toes during heating with probes being located successively in the right and
the half of the container).

The figure shows the successive preheating of the upper layer of the mate-
rial at the container perimeter in comparison with that in the central zone.

The ascertained radial profiles were flatter in the direction to the bottom
of the container. The preheating of the layer of mashed potatoes near the
container perimeter was less distinct than that in the central layer.
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The difference in the mean temperatures of the upper and the lowest meas-
ured layer of the mashed potatoes was 40 °C at the end of 420 min heating.
The difference was 52 °C near the container perimeter.

Relatively the most uniform and rapid heating was observed in the oil
samples. The temperature distribution in the upper layer of 1 000 ml oil
measured in different phases of MW heating is shown in Fig. 7. A nearly
linear temperature rise and heating of the lowest oil layer is shown in Fig. 8
(left half of the container).

A comparison showed that after 210 sec of heating the temperature of the
upper oil layer reached nearly 80 °C (77-79 °C), in water the temperature of
the same layer was 54 °C, in NaCl solution 61-85 °C and in mashed potatoes
27-87 °C.

The temperatures in the lower layer were at the same time (210 sec) of
microwave heating near 73 °C in oil, 37 °C in water, 23-35 °C in NaCl so-
lution and 14-30 °C in mashed potatoes.

The results of the performed experimental study document both the effect
of the heated material on the course of MW heating and the fact that a very
nonuniform temperature distribution can occur even during the heating of
completely homogeneous materials.

A series of results fully agrees both with the published data on other ex-
periments and with the conception of the mechanism of MW heating. Some
deviations observed can be explained by the differing parameters in these
experiments, others will require further investigation to be perfomed. They
however show the complexity of interactions occurring between materials
and microwaves.

The preheating of the upper layer of the heated material in comparison
with the middle layer and the layer near the container bottom that we ob-
served to a lower or broader extent in nearly all our experiments was also
published by Prosetya, Datta (1991) — heating of water and oil, Datta
et al. (1992) — heating of water and Jakobsen, Miklelsen (1993) —
heating of milk in bottles for infants. The course of water heating by MW is
explained by spontaneous water circulation (inner circulational flow), at
which the warmer water remains in the upper layer (Datta). Our experi-
ments, carried out with water in a container with cork underplate and with
highly viscous materials (mashed potatoes), where the inner circulation
cannot be expected, indicate that different amounts of energy can pene-
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trate into the volume of the heated material through the upper and the lowest
layer. (The hitherto accepted model conceptions assume that the intensity
of MW radiation is uniform throughout the whole surface. Direct verifica-
tion of this conception is however so far very difficult).

Individual differences in the height distribution of temperatures (low tem-
perature differences in oil, large differences in aqueous NaCl solution and in
mashed potatoes) during MW heating can be put into relation with the physi-
cal properties of these materials (different MW absorption, different penetra-
tion depths, thermal properties, viscosities and densities).

Small differences in the local temperatures in water in radial direction
were ascertained also by Datta etal. (1992) (MW heating of water in a con-
tainer with 170 mm diameter). Temperature increase in the direction from
the container walls to its middle was measured by Prosetya et al., 1992 in
a container with 100 mm diameter. These results are connected with the
100 mm diameter of the container and with the concentrational effect of mi-
crowaves (Ohlsson, 1983).

The preheating of the layers of the material near the container walls, ob-
served in heating of NaCl solution and mashed potatoes is in relation with
the penetration depth of the two materials, and also with the additional effect
of ionic conductivity in NaCl. Furthermore a significant influence of heat
conductivity on the temperature profiles must be taken into account in the
field of microwave absorption in the both cases.

Further measurements of mashed potato heating by MW showed that the
locations of maximum temperatures occurred in the radial profiles approxi-
mately 10 mm from the wall which agrees well with the conception of the
mechanism of energy transfer. The temperature of the mashed potatoes
measured near the container walls is affected by the cooling effect of the
convective heat transfer to the ambient air.

A substantially higher heating rate of the upper layer of NaCl solution—in
comparison with the heating of the same water layer — is in connection with
the mechanism of microwave energy transfer (ionic motion must be ac-
counted for during heating of salt solutions) and the different dielectric prop-
erties of the two materials during heating. The MW energy absorption
significantly decreases in water with rising temperature (or the penetration
depth grows, e.g. for 100 °C it is 57 mm). If NaCl is added, the energy ab-
sorption rises and further increases with the growing temperature (Ohlsson,
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1990). The lower heating uniformity in materials containing salt was also
observed by Dealler etal. (1992) and Prosetya, Datta (1991).

The rapid temperature growth during oil heating is — in spite of the very
low value of MW energy absorption — explained by the low value of specific
heat capacity and the lower density of oil in comparison with water
(Ohlsson, 1983, 1990; Prosetya, Datta, 1991).

The relatively uniform temperatures both in radial and in axial direction
can be explained by the values of penetration depth in oil that fluctuates near
180 mm for the given temperature range. Owing to the diameter of the con-
tainer used for heating (185 mm), the contribution of conductivity to this
effect can be excluded and an assumption can be made that the thermal field in
the volume of oil during its heating can be assigned only to the distribution of
the intensity of MW field in the individual sample locations. Linear growth of
local temperatures in all oil layers during heating confirms this assumption.

CONCLUSION

The application of the fluoroptic thermometric system LUXTRON 755
resulted in obtaining concrete information on temperature distribution in lig-
uid materials of different viscosities and chemical composition during their
MW heating in a flat container of cylindrical shape.

The thermal field created during MW treatment in this type of materials
changes with time and is affected by the shape and dimensions of the applied
container and by the composition and physical properties and volume of the
heated materials. The rate of heating and the temperature distribution are
affected especially by the addition of NaCl and saccharides into water and
by the content of fat. The location of the heated material in the MW equip-
ment also has an influence on the course of heating.

The results obtained are very important also from the point of view of
a closer elucidation of the mechanism of MW heating, for practical applica-
tions of the MW technology and furthermore for the development of products
for MW processing. They prove that the interaction between microwaves
and the food materials and products is a very complex process requiring fur-
ther study for its complete understanding.
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RozloZeni a vyvoj lokélnich teplot v homogennich tekutych materialech
pii mikrovinném ohievu

Mikrovinny ohfev mé fadu pfednosti proti konvenénim metodam ohfevu, proces
sam je v3ak znaén& komplikovany. Od konvenénich metod ohfevu jej odliuje nejen
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rychlost ohfevu, ale i rozloZeni teplot v ohfivaném materidlu. Z praxe je znam pro-
blém nerovnomé&mého ohfevu, ktery v piipadé potravin pfedstavuje potenciélni rizi-
ko poklesu kvality a hygienické bezpe&nosti. -

Rada faktoril ovliviiuje rozloZeni teplot v materi4lu bshem mikrovinného ohfevu:
typ mikrovinného pole, geometrie a rozméry ohfivaného materialu, jeho sloZeni, fy-
zikdlni vlastnosti a teplota.

Distribuce lokélnich teplot ve &tyfech druzich modelovych riizn& viskéznich teku-
tych materidll v pritb&hu ohfevu je pfedmétem tohoto &lanku. Jde o vysledky expe-
rimentélni studie, pfi niZ byl pouZit b&Zny typ mikrovinné trouby pro domacnost
(Moulinex, max. vykon 850 W, bez oto&ného talife). Priib&h mikrovinného ohfevu
byl sledovén na matridlech: pitna voda (1 000, 500 a 1 500 ml), roztok NaCl (6 %
hmotnostnich, 1 000 ml), smé&s vody a suSené bramborové kase (1 000 ml) a slune&-
nicovy olej (1 000 ml). K moritorovani teplot byl pouZit termometricky systém
LUXTRON 755 se &tyfmi sondami typu MIW. Sondy byly postupné instalovény ve
tfech horizontdlnich rovinich. K ohfevu byla pouZita ploch4 sklen&na nddoba kruho-
vého tvaru o primé&ru 185 mm. Priib&h teplot byl sledovan do dosaZeni teplot kolem
80 °C (420 s pfi ohfevu vody, roztoku NaCl a bramborové ka3e, 210 s pii ohfevu
oleje).

Priib&h ohfevu a distribuce lokalnich teplot se pro danou geometrii liSily podle
chemického sloZeni ohfivaného materilu, jeho viskozity, dielektrickych a dalSich
fyzikélnich vlastnosti a objemu. Vliv na rozloZeni mé&lo i umist&ni nddoby s materia-
lem pfi ohfevu.

Pokles teploty v axidlnim sméru smérem od horni vrstvy materidlu k vrstvé u dna
byl naméfen pifi v3ech zkouskach. Jeho velikost zavisela na druhu materidlu, objemu
i na vzdélenosti sondy od stfedu nadoby. Rozdil prim&mych teplot horni a spodni
vrstvy oleje na konci ohfevu byl 8 °C, bramborové kase a roztoku NaCl 45 a 50 °C,
500 ml vody 10 °C, 1500 ml vody 23 °C.

Prakticky vyrovnané teploty v radidlnim smé&ru byly naméfeny pfi ohfevu oleje
a rozdily do 5 °C pfi ohfevu vody. Rozdily 40 aZ 50 °C byly namé&feny mezi teplo-
tami v radidlnim smé&ru pfi ohfevu bramborové kaSe, teplota v tomto sméru klesala
od obvodu nadoby smérem k ose. Pii ohfevu roztoku NaCl byly vétsi rozdily mezi
teplotami v radidlnim sméru namé&feny pouze v horni vrstvé (kolem 30 °C v 180.
sekund& ohfevu, kolem 10 °C v 420. sekundg).

Pfi v3ech zkouskach bylo nejpomaleji ohfivané misto materidlu situovano do stfe-
du vrstvy u dna nddoby, nejrychleji ohfivané misto do horni vrstvy materiélu, v pfi-
pad& bramborové ka3e a roztoku NaCl u obvodu nadoby.

mikrovinny ohfev; distribuce teplot; rovnomé&most ohfevu
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RETENCE VYBRANYCH VITAMINfJ A LpNERALNiCH LATEK
PRI KULINARNI UPRAVE MASA

Eva MASKOVA, Jana RYSOVA, Viasta FIEDLEROVA, Marie HOLASOVA

Vyzkumny ustav potravindfsky Praha, Radiova 7, 102 31 Praha 10-Hostiva¥

Byla sledovéna retence thiaminu, riboflavinu, vitaminu By, niacinu,
vitaminu E a minerdlnich latek pii vafeni, duleni, pefeni a smaZeni
hovéziho, vepfového a kufeciho masa. Obsah riboflavinu, niacinu
a mineralnich latek se pfi kulindmich ipravach kromé vafeni mé&ni mini-
malng. Retence thiaminu se pohybuje od 20 do 85 %, retence vitaminu B,
je v rozmezi 23 aZ 100 % piivodni hodnoty. Obsah vitaminu E kles4 na
15-80 % plivodni hodnoty. Pfi vafeni dochézi k vyluhovani 18 aZ 55 %
hydrofilnich vitaminf a 30-60 % mineralnich latek do vyvaru.

retence; vitamin E; thiamin; riboflavin; vitamin B; niacin; minerlni
latky; kulindrni iprava masa

Maso je dileZitou soudsti stravy vétSiny populace v Ceské republice.
V primé&ru se spotfebuje pfiblizn& 100 g masa a drobi (jedly podil) na osobu
a den a 26 g driibeZe a dribeZich vyrobki (jedly podil) na osobu a den
(Ruprich, 1993). Maso je zdrojem zikladnich Zivin a kromé toho téZ fady
vitamind, pfedev§im skupiny B, a minerdlnich litek. Konzumu masa pifed-
chazi vzdy tepelnd uprava. Tento proces miize mit vyznamny vliv na obsah
vyZzivovych faktorii.

Vitaminy jsou velmi labilni faktory citlivé na svétlo, teplo, pH prostiedi
a pritomnost kysliku. K jejich ztratdm dochazi nasledkem rozkladnych reak-
ci a téZ v pfipad€ hydrofilnich vitamind vyluhovinim do vody. Vzhledem
k vyznamu udaji o ztratdch vitamini pfi kulindrni Gpravé pro posouzeni sa-
turace populace jednotlivymi faktory je této problematice vénovana pozor-
nost jiz fadu let. Zjisténé hodnoty retence se zna¢né li$i a jsou zdvislé na
druhu a jakosti masa, stupni rozméInéni, zpiisobu pfipravy, teplotnich pod-
minkéch a skladovani. Napf. Bo gndar (1984) uvadi ztraty thiaminu pfi riz-
nych podminkéch tepelné pfipravy masa v rozmezi 9 aZ 70 %. Pro vitamin
Be jsou pfi kulindrni upravé masa uvadény ztraty 6,5 % (O 1d s etal, 1993)
az 78 % (Uherova etal., 1993).
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Pfi¢inou ztrdt minerdlnich latek b&hem kulinidrni Gipravy masa je piede-
v8§im vyluhovdni. Kimura a Itokawa (1990) uvadéji, Ze vafené maso
obsahuje v priméru 60 az 70 % ptivodn¢ pfitomného mnoZstvi minerdlnich
latek, zatimco Seiler et al. (1977) zjistili ztraty az 50 %. Pfi peceni
a grilovani ztraty minerdlnich latek nepfesahuji 10 % (Seiler etal., 1977).

V nasi préci jsme sledovali retenci thiaminu, riboflavinu, vitaminu B,
niacinu, vitaminu E a minerdlnich litek (Na, K, Ca, Mg, P, Fe, Cu, Zn) pii
kulindrni apravé hovéziho, vepfového a kufeciho masa. Prace byla zaméfena
na tradi¢ni zplisoby pfipravy masa v nasich domacnostech, tj. vafeni, duseni,
peteni a smaZeni. Tato volba odpovida vysledkiim prizkumu frekvence riz-
nych druhi kuchyiiskych iprav masa v CR, provedeného CHPR Brno, SZU
Praha (Ruprich, 1993).

MATERIAL A METODY

Piehled pouzitych surovin a podminek tepelnych uprav masa je uveden
v tab. I. K préaci bylo pouZito béZné kuchyriské naddobi, pro peeni horko-
vzdu$na trouba Tefal Maxi Ovn (piikon 1 250 W - Francie). Tepelny reZim
v prib&hu kulindrni upravy byl sledovan sadou kalibrovanych termo&lanki
Fe — konst. na pfistroji Therm 3421. Priklad priib&hu teplot pfi pe€eni kufete
je uveden na obr. 1. Sadlo bylo pouZito z divodu minimélniho pfirozeného

teplota (temperature) [C]

0 S 10 15 20 25 30 35 40 45
cas (thme) [min]

= stehno — thigh; 2 = na plechu — baking tin; 3 = pod kiiZi — under skin; 4 = prsa — breast,
5 = vzduch — air

1. Pribéh teplot pii pe€eni kufete — Temperature course during roasting of chicken
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I. Prehled pouZitého materidlu a podminek tepelnych tiprav masa — Review of used raw mate-
rials and culinary processing conditions

Teplota 16
fisob Pfedb&ni
Druh a hmotnost’ Pi‘isady6 Z P oxo prosti‘edil5 Dolfa A 17
upravy e [min] uprava
NaCl, pitné voda’ vafeni'! 96-99 150 |odblanéni'®
Hovézikjta® | s4dlo®, NaCl, - odblangni,
cca 500 g pitna voda duseni 95-99 90 ko stkyl9
sadlo, NaCl, pitnd voda | pegeni'®> | 170-200 90  |odblan&ni
sadlo, NaCl, pitnk voda | duseni 95-99 90 z:t'l;‘;‘é“"
Veprova kyta® g
cca 500 g sadlo, NaCl, pitnd voda | peZeni 170-200 60  [odblan&ni
14 odblanéni,
NaCl, sadlo smaZeni 170-180 8 ol élkym
9
Kufeci prsa NaCl, maslo”, -
B LA dueni 95-99 45  |plétky
ek 00’ NaCl, méslo smazeni | 170-180 | 8 [platky
Kufe kuchané
s kiizi® s peleni 170200 | 45 |palka®
cca 650 g e o

Ikind and weight; Zpeef; 3pork; “frozen chicken breast; chicken with skin; 6ingl'edients; Twa-
ter; 8lard; *butter; '%processing; !'boiling; '2stewing; '*roasting; '*frying; *medium temperatu-
re; 'Stime; l"preliminary treatment; mtrimming; Ycubes; 2slices; 2'half

obsahu vitaminu E. Maslo bylo voleno pro duseni, pedeni a smaZeni kufete
Jjako obecné nejbéznéji pouzivany tuk pfi kulindrni upravé kufete. Pii vafeni
masa byl separatné analyzovan téZ vyvar, pfi smaZeni pouZity tuk a pfi pece-
ni a duseni byl vzorek ziskdn homogenizaci tepelné opracovaného masa
a §t'dvy. Vzorky syrového i tepeln€ upraveného masa byly po homogenizaci
na mixeru pouZity pro nasledujici stanoveni:

— thiamin: thiochromov4 metoda CSN 56 0052

— riboflavin: lumiflavinova metoda CSN 56 0054

— vitamin B,: mikrobiologickd metoda se Saccharomyces uvarum ATCC
9080, CSN 56 0056

— niacin: mikrobiologick4 metoda s Lactobacillus plantarum ATCC 8014,
CSN 56 0051
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— vitamin E (a-tokoferol): po alkalickém zmydelnéni, metoda HPLC s uz-
tim stacionami faze Separon SGX o zméni 7 pm na kolon& 250 x 4 mm,
mobilni fAze hexan-2-propanol (99:1), priitok 1 ml/min, fluorescenéni de-
tekce A, — 290 nm, A, — 330 nm

— minerdlni l4tky: mineralizace na suché cest€ (520 °C, vyluh HNO,, ¢ =
= 1 mol/dm?); plamenov4 AAS — Na, K, Ca, Mg, Fe, Cu, Zn; spektrofoto-
metrie — P |

VYSLEDKY a DISKUSE

Vysledky analyz vzorkil syrového masa jsou uvedeny v tab. II a III. Jsou
prumérem analyz dvou nezavislych vzorkl masa, pfi¢emz kazdy vzorek byl
analyzovan nejméné tiikrat. Ve vétSiné faktori vykazuji vysledky dobrou
shodu s tabulkovymi hodnotami (Ciba-Geigy, 1981).

II. Obsah vitaminl v syrovém mase [mg/100 g] — Vitamin content in raw meat [mg/100 g]

Thiamin | Riboflavin B, Niacin E
Hovézi maso' 0,16 0,15 0,23 4,6 0,28
Vepfové maso® 0,84 0,18 0,26 5,6 0,11
Kufeci prsa’ 0,17 0,08 ° 0,34 8.3 0,06
Kute kuchané s kizi* 0,12 0,12 0,15 3,5 0,33

beef ; 2 pork ; 3 chicken breast ; 4 chicken with skin

III. Obsah mineralnich latek v syrovém mase [mg/100 g] — Mineral content in raw meat
[mg/100 g]

Na K Ca Mg P Fe Cu Zn
Hov&zi maso' 63 325 6,6 20 176 1,8 0,09 46
Vepfové maso® | 49 327 7 20 197 0,7 0,05 2
Kufeci prsa’ 41 297 46 26 220 0,5 0,09 0,5
fl‘:ﬁ’;ili“‘:h"“é 72 255 7.1 20 217 | 07 | 0,08 1,1

beef; 2 pork ; 3 chicken breast ; 4 chicken with skin
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Bl T S vateni
2 . D =boiling
100 ~ = duseni —
=~ stewing

thiamin  riboflavin

2. Retence vitaminll v hov&zi kyt& po kulinirnich Gipravich [%] — Vitamin retention after
culinary processing of beef [%)]

Na obr. 2 aZ 4 jsou zndzomény hodnoty retence sledovanych vitamini pfi
ruznych zpiisobech kulindrni upravy hovéziho, vepfového a kufeciho masa.
Retence mineralnich latek pfi tepelnych tpravach hovéziho masa jsou pre-
zentovany na obr. 5. Uvedené hodnoty jsou vypoc¢teny na zdkladé hmotnost-
ni bilance a vztaZeny na obsah jednotlivych faktorll v pivodnim syrovém
mase (Unklesbay, Dawson, 1988).

Bel

100 A

thiamin riboflavin Be mac-:m E

3. Retence vitaminl ve vepfové kyt& po kulinamich tpravach [%] — Vitamin retention after
culinary processing of pork [%]
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D smazeni
—Irying

=3 duSeni —
stewing
- pedeni —
roasting

thiamin  riboflavin

4. Retence vitaminil v kufecim mase po kulindrnich dpravach [%] — Vitamin retention after
culinary processing of chicken meat [%]

Z vysledki je patrné, Ze pii vSech zpusobech kulindmni upravy a u viech
druht mas dochazi ke ztrdtdm thiaminu vzhledem k jeho zna&né termolabili-
t€. Retence se pohybuje v rozmezi 20 az 85 %. NejSetrnéjsi postup je smaze-
ni, nejniZsi retence byla nalezena pii vafeni. Pfi této kulinidrni upravé
dochézi k vyznamnému vyluhovéni thiaminu do vyvaru, jak je patrné
z tab. IV. Stejnou zdvislost retence na zpusobu kulindrni Upravy nalezli
Kimura etal (1990). Nami zjidténé hodnoty retence pfi pe&eni hovéziho
masa odpovidaji idajim autori Cooksey et al. (1990), vysledky u kufe-
ciho masa jsou srovnatelné s udaji, které uvadéji Hall, Lin (1981), Barbe-
au, Schnepf (1989) a Ang et al. (1978), naopak Al-Khalifa a
Dawood (1993) nalezli retenci pfi pe€eni pouze 45 %.

IV. Obsah vyzivovych faktorli ve vafeném hovézim mase a vyvaru (% piivodné pfitomného
mnozstvi) — Nutrient content in boiled beef and soup (% of raw meat content)

Thia- | Ribo- | 5 hiacin| E| K | Mg| P | Pei| cu | za
min | flavin 6
Hovtzimpss: | Lag 72 | 23| a5 | 74 | a0 | 42| 55| 71| 60 | 96
varene
H.‘"’:rzz' 47 18 | 37| 55 0|60 | 58|45 | 20|40 4
VyV

'boiled beef ; Zsoup
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K Mg P Fe
5. Retence minerélnich latek v hovézi kyt& po kulindrnich Gpravich [%] — Mineral retention
after culinary processing of beef [%)]

Riboflavin je ve srovnini s thiaminem odoln&j8i vii€i pisobeni tepla. Ke
ztratAm riboflavinu dochdzi pouze pfi dlouhodobém varu (tab. IV). Retence
v mase piedstavuje 72 %, do vyvaru piechdzi 18 % piivodn¢ piitomného
mnoZstvi. Pfi ostatnich kulindrnich dpravach se retence pohybovala od 100
do 139 %. Diivodem tohoto niristu miZe byt uvolnéni vdzanych forem ri-
boflavinu vlivem tepelného zasahu. Hodnoty retence nad 100 % uvadi fada
autori (Dawson etal, 1988; Unklesbay, Dawson, 1988; Al-Kha-
lifa, Dawood, 1993).

Retence vitaminu Bsbyla nalezena nejniZ$i pfi vafeni — 23 %, pe€eni a du-
$eni sniZi retenci na 43 aZ 71 %. Vitamin Be je stabilni v priibéhu smaZeni,
jak zjistilii Olds et al. (1993). Ziskané hodnoty retence pfi peceni a duseni
jsou srovnatelné s vysledky autori Bognar (1993)a Ang et al. (1988),
naopak jsou vyssi nez uvadé€ji Uherova etal. (1993).

Niacin byl shledan stabilni v prib&hu tepelné upravy, ke sniZeni retence
pfi vafeni dochazi nasledkem vyluhovéni do vyvaru. Vysledky souhlasi s li-
terdrnimi Gdaji (Dawson etal.,, 1988; Unklesbay, Dawson, 1988).

Kulindrni iprava masa m4 za nasledek pokles retence vitaminu E na 40 aZ
80 %, s vyjimkou duSeni a peCeni vepfového masa, kde byla niZ8i. Ztraty
vitaminu E 33 aZ 44 % pfi upravé hovéziho masa uvddi Bennink a Ono
(1982) a pouze 5% ztraty zjistili Piironen etal. (1987).
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Vyznamné zmé&ny retence minerdlnich latek byly nalezeny pouze pfi vate-
ni a jsou zplisobeny vyluhovanim do vyvaru (tab. IV). Pfi vafeni hovéziho
masa pifechazi do vyvaru 30—60 % minerélnich litek (kromé& Zn). Obdobné
vysledky uvad&ji Seiler etal (1977)a Kimura, Itokawa (1990).
V priib&hu ostatnich ovéfovanych kulindrnich uprav neklesla retence pod
80 %. V tabulce nejsou uvedeny hodnoty pro Na a Ca vzhledem k ovlivnéni
bilanci solenim a pouZitou pitnou vodou.

Souhrnné 1ze konstatovat, Ze obsah riboflavinu, niacinu a minerdlnich 1a-
tek se pfi kulindmni upravé masa kromé vafeni méni minimaln&. Pfi vafeni
dochézi k podstatnému vyluhovéni viech hydrofilnich vitaminii a mineral-
nich latek do vyvaru. Tepeln4 uprava masa vede ke sniZeni retence thiaminu,
vitaminu Bg a E. Vy3e ztrit je tfeba brat v uvahu pii hodnoceni saturace po-
pulace t&¢mito vyZivovymi faktory.

Pod€kovani

Autofi dekuji ing. K. Hokemu za laskavé promé&feni priib&hu teplot pfi kulinar-
nich tpravéch.
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E. Maskova, J. Rysova, V. Fiedlerova, M. Holasova (Food Research
Institute Prague, Praha-Hostiva¥, Czech Republic)

Vitamin and mineral retention in meat in various cooking methods

Meat is a source of vitamins of particularly group B and of minerals. Meat con-
sumption is always preceded by culinary processing, which may exert a significant
effect on the content of these nutrients.

Retention of thiamine, riboflavin, vitamin Be, niacin, vitamin E and minerals
(Na, K, Ca, Mg, P, Fe, Cu, Zn) was investigated during culinary processing of beef,
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pork and chicken meat. The investigation was focused on traditional methods of
meat processing in the Czech households, i.e. on boiling, stewing, roasting and fry-
ing. Table I shows a review of used raw materials and culinary processing condi-
tions. Tables II and III indicate the results of analyses of raw meat samples. The
values are in good coincidence with tabular data in most indicators (C iba-
-Geigy, 1981). Figs. 2—4 represent the values of vitamin retention during various
culinary processing of beef, pork and chicken meat. Fig. 5 presents mineral reten-
tion during culinary processing of beef. The indicated values have been calculated
on the basis of weight balance and related to the content of the particular nutrients
in raw meat (Unklesbay, Dawson, 1988) - true nutrient retention.

Thiamine loss was observed in all methods of culinary processing and in all kinds
of meat. Retention ranges from 20 to 85%. Frying is the most favorable as for the
thiamine loss, while cooking revealed the lowest retention. Besides cooking, ribo-
flavin retention ranged from 100 to 139% in the other applied culinary processing
methods. Vitamin Bg content is constant during frying while cooking showed the
lowest retention — 23%. Roasting and stewing reduce retention to 43—71%. Niacin
content was constant during culinary processing. In all cases, vitamin E content
decreased to 15-80%.

Significant changes in mineral contents were observed in cooking only and they
are mostly due to extraction into soup (Table IV). 30 to 60% of the minerals are
extracted into soup by cooking. Similarly, hydrophilic vitamins are extracted into
soup at an amount of 18 to 55%.

The final values of retention are used as a basis for evaluation of actual uptake
of these nutrients. :

cooking methods; meat; vitamin E; thiamine; riboflavin; vitamin Be; niacin; mi-
nerals; retention
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Z VEDECKEHO ZIVOTA

XXYV. Sympozium o novych smérech vyroby a hodnoceni potravin

Ve dnech 18. aZ 20. kvé&tna 1994 se ve Skalském dvofe konalo XXV. Sympozium
o novych smé&rech vyroby a hodnoceni potravin. Jeho hlavnim organizdtorem byla
Odborn4 skupina pro potravindtskou a agrikulturni chemii Ceské spolenosti che-
mické. Zuéastnilo se ho 112 odborniki z oblasti potravinaiské, zem&dé&lské a zdra-
votnické, a to jak z vyzkumu, tak i z praxe.

Na sympoziu byly prezentovany nové poznatky z oblasti nutrién& vyznamnych
sloZek potravin, aditiv i kontaminanti, tykajici se analytickych metod a jejich uZiti
pHi hodnoceni potravin a sledovéani zmé&n, ke kterym dochézi pfi zpracovani a skla-
dovéni potravin. Celkem bylo uvedeno 34 referétii a 26 posteri.

Z oblasti modernizace a zlep3eni analytickych postupil se autofi referatl vénovali
uZiti bio- a chemiluminiscenéni metody v analyze potravin, pouZiti mikrovinnych
systémi pro pfipravu vzorki, moZnostem uZiti multivariadnich metod k predikci,
vyuZiti magnetickych separaci v potravinéfské mikrobiologii. Déle bylo referovano
o zjednoduSeném postupu stanoveni t€kavych kyselin, hustoty a alkoholu ve ving,
o separaci izomernich terpenoidit pomoci HPLC a o stanoveni nikotinu a dehtu v ci-
garetach.

Pocetna skupina piisp&vki se tykala vyuZiti senzorické analyzy pfi hodnoceni po-
travin a korelace vysledkil senzorické analyzy s fyzikdln&-chemickymi metodami.
Souhrnné byly diskutovany vyhody a nevyhody uZiti pofadové zkousky a hodnoceni
pomoci absolutnich ukazateld pii senzorické analyze, dale vliv jednotlivych znaki
pro celkovou senzorickou hodnotu ovoce a interakce hofké a sladké chuti. Byly uve-
deny vysledky senzorické analyzy pii hodnoceni piv a vlivu oxidace monoterpenil
na senzoricky profil vyrobki. Referaty se tykaly senzorické jakosti masa, moZnosti
jejiho ovlivnéni a relaci k fyzik4ln&-chemickym parametriim. Pfitomni se seznmili
s vysledky korelaci mezi senzorickym a pfistrojovym hodnocenim tvrdosti a korelaci
mezi senzorickym a GLC hodnocenim silic.

P&t pfispévki se zaméfilo na problematiku vitamind. Byly prezentovany vysledky
stanoveni vitaminu A a E v olejich a margarinech, vitaminu E v obilovinéch, hydro-
filnich vitaminl v ceredlnich vyrobcich. Pfednesené préace sledovaly déle pokles ob-
sahu vitaminu C ve skladovanych jahodéach, vliv kulindmni Gipravy na obsah vitamini
a minerdlnich latek v mase a ovlivnéni stability vitaminu E pfi smaZeni bramboro-
vych lupinki.
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Pozomost byla vénovana zdrojiim a stanoveni vlékniny a moZnosti pfipravy s6jo-
vych jogurti.

Vysledky vyzkumu v oblasti zmén tukové sloZky potravin uvadély referaty tyka-
jici se interakci oxidovanych olejit s mlé&énymi bilkovinami, vlivu saprofytické mik-
rofléry na stabilitu tukové sloZky, vlivu uZitého oleje na oxidaéni zmény v ma-
jonézach. Do této oblasti smefovaly referdty o antioxidaéni aktivit® bilkovinnych
hydrolyzati a Maillardovych produkti a o zdrojich a antioxida&nich uéincich
(-)-epikatechinu. Pro studium oxida¢nich zmén byla uvadéna metoda izotermalni
mikrokalorimetrie.

Ptehledny referat o vyvoji oboru zpracovani masa po roce 1990 uvedl blok referati
tykajicich se vyroby a jakosti masa a masnych vyrobki. Dalsi pfispévky byly zamé&-
feny na zlep3eni udrZnosti masnych vyrobki, na aplikaci tekutého udiciho preparatu
ve fermentovanych masnych vyrobcich, na srovnani jeleniho a hovéziho masa z hle-
diska soleni a na retenci jodu v masnych produktech ziskanych s pfidavkem jodido-
vané soli.

K problematice hygienické jakosti potravin se vztahovaly referaty pojednévajici
o né&kterych polyfenolickych latkach v semenech luskovin a obilovin, déle o obsahu
glukosinolati v hoféi¢nych semenech a brukvovitych zeleninach, o obsahu glykoal-
kaloidl v bramboréch a toxickych kovil v minerélnich vodach. Autofi referati se také
vénovali stanoveni zbytkového kysli¢niku sifi¢it¢ho, migraci obalovych materidli
do potravin, moZnosti ndhrady konzervaénich ¢&inidel pfirodnimi fytoncidy, aktivité
fosfolipazy b&hem zrani rajat, identifikaci neionogennich tenzidi v kontaminova-
nych potravindch. Bylo upozoméno na vyznam rozloZeni teplot pfi mikrovinném
ohfevu. Zajimavé byly i prvni vysledky projektu tykajiciho se sledovani expozice
¢lovéka nékterym chemickym latkam z poZivatin.

Diskuse se zaméfila rovnéZ na nutriéni, hygienickou a technologickou jakost pro-
dukti ekologického zemédélstvi.

Zpracovani rostlinnych produkti se vénovaly referaty o problémech termosterila-
ce a fizeni jejiho procesu, o mlééné fermentovanych zeleninovych Stavéch. Pfedne-
seny byly referaty sledujici aminokyselinové sloZeni ceredlnich vyrobkii a zmé&ny
mikrostruktury kukufi¢ného zma pfi extruzi.

Souhrny prednesenych referatli a postert jsou k dispozici ve VUPP, Radiova 7,
102 31 Praha 10.

Ing. Marie Holasovd
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INFORMACE

Vyzkumny ustav potravindisky Praha se predstavuje

Stava se jiz dobrou tradici vénovat n&ktera z &isel Easopisu Potravinifské védy
jedné instituci — tentokrat vam pfedkladdme vybér praci Vyzkumného tstavu potra-
vinéfského Praha.

I ptes uréitd omezeni a problémy, se kterymi se potyka v soutasné dob& nale vy-
zkumna sféra, pfedstavuje Vyzkumny ustav potravinaisky Praha komplexni praco-
visté, které fe$i ikoly jak pritfezového, tak aplikovaného vyzkumu v oblasti chemie, .
biochemie, technologie potravin, vyZivy, ale i potravinafského inZenyrstvi a ochrany
zéasob pred Skiidci. Kromé pracovidt’ v sidle istavu v Praze-Hostivafi mé tstav vyvo-
jovou zékladnu potravinafské techniky i v HruSovanech nad JeviSovkou. Toto praco-
visté je zaméfeno na vyvoj, konstrukci a vyrobu potravinafské, balici a manipuladni
techniky podle poZadavki zdkazniki.

V soucasné dobe ustav fesi celkem 16 resortnich vyzkumnych projektl, z nichZ
dva maji pfedpokladany konec feSeni v leto¥nim roce, zbylych 14 v roce 1995. Na-
klady na tyto projekty jsou hrazeny z prispévku Ministerstva zem&d&lstvi CR.

Do budoucna by se dal$im podstatnym zdrojem finan¢nich prostfedki na vyzkum
méla st4t i Grantové agentura CR. JiZ koncem minulého roku ziskal Gistav jak vlastni
grant, tak spolutifast na feSeni grantl jinych pracovist — VSCHT, CVUT a V8Z
v Praze.

Ustav dale prib&2né zajistuje nékteré specifické — tzv. trvalé nebo expertni &in-
nosti, napf. udrZovani a dopliiovani sbirek rozto&l a hmyzu, mikroorganismi, data-
banky fyzikalnich vlastnosti potravin, diléi monitoring cizorodych latek, expertni
a poradenskou ¢innost.

Vyznamné misto v aktivitidch Gstavu zaujima i zahrani¢ni spolupréce, které v po-
sledni dob& v&nujeme stale vétsi pozomost. Spoluréce se zahraniénimi partnery pro-
bihaji po nékolika liniich. Ceska republika je zastoupena prostfednictvim naseho
vyzkumného ustavu v nékolika komisich, napf. v Mezindrodni organizaci pro cere-
alni védy a technologie ICC a v Mezinérodni organizaci pro biologicky a integrova-
ny boj se skiidci. Rada odbornych pracovniki uistavu mé ptimy kontakt s prednimi
védeckymi pracovisti a univerzitami, napf. s Univerzitou v Piacenze (Itdlie), Statnim
zdravotnim ustavem pro hubeni Skiidcti v Berling (SRN) a Univerzitou v Albert&
(Kanada).
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DilleZita je rovnéZ spoluprédce pfi feSeni vyzkumnych problémi. Zde pfipomenu
spolupréci se Silsoe Research Institute v Bedfordu (Velk4 Briténie) pfi feSeni mate-
matickych modeli chlazeni kapalnych potravin, spoluiiast na feSeni programu
PECO - Matematické modelovéni vlastnosti potravin b&hem vyroby a skladovani
a spolupréci s NIZO (Holandsko) na projektu zemi ES zaméfeném na problémy zemi
stfedni a vychodni Evropy.

Po pfechodu Vyzkumného ustavu potravinaiského Praha na pfisp&€vkovou organi-
zaci je pouze &ast jeho rozpoltu, konkrétn& piisp&vek na feleni resortnich kol
a trvalych ¢innosti, hrazena jeho zfizovatelem (Ministerstvem zemé&dé&lstvi). V roce
1993 ¢&inil tento podil asi dvé tfetiny rozpo¢tu ustavu. Zbyly dil je nutné zajistit jiny-
mi aktivitami. S tim souvisi stoupajici aktivita a podpora praci a sluZeb za tihradu na
objednavku z podnikatelské sféry. SluZby poskytuji v oboru své plisobnosti praktic-
ky viechny ttvary Gstavu.

Ing. Jii Celba, CSc.
feditel Vyzkumného ustavu potravindfského Praha
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