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EFFECT OF VACUUM TREATMENT ON STRENGTH CHARACTERISTICS OF MAIZE KERNEL
PREVIOUSLY SUBJECTED TO HYDRO-THERMAL PROCESSING
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The effects of applied hydro-thermal treatment of maize kernels and following it vacuum pressure on changes in seed moisture content (dry basis),
destructive force, energy to destroy a single kernel, and changes in horizontal projection area of a single kernel, were determined in the studies. Dent
maize kernels, used as an experimental material, were subjected to hydro-thermal processing (boiling for 20 and 30 min at a temperature of 100°C),
and next to the treatment in vacuum pressure (20 kPa) for 1, 3 and 5 min. In the whole range of applied vacuum pressure treatment durations the
higher values of destructive force and energy were observed for the kernel hydro-thermally treated for over 20 min, in comparison to those treated for

over 30 min.

INTRODUCTION

Vacuum treatment is widely used in different branches of
the food processing industry, e.g. to production of the feed
mixtures of high fat content, at packaging of food products
for longer storage, in drying and other food processing tech-
nologies [Biatobrzewski & Misiak, 1997; Chiralt ef al., 2001;
Klimczak & Irzyniec, 1999; McArdle et al., 1974; McDonald
& Da-Wen Sun, 2000; Zapotoczny & Markowski, 1999].

The quick pressure changes result in temporary deforma-
tion of pores in the structure of majority of food products. Such
deformation is affected by the rate of pressure drop and in-
crease. Time of changing pressure from vacuum to atmospher-
ic is of special importance as the closing of capillary vessels in
plant material and inhibition of hydrodynamic mechanism may
occur [Fito et al., 1996; Salvatori et al., 1998].

MATERIAL AND METHODS

The studies were carried out to determine the effect of vac-
uum pressure and its duration, applied after preliminary hydro-
thermal processing (boiling), on the strength characteristics of
maize kernel thermally treated over various time intervals.

The effects of the applied hydro-thermal treatment and
subsequent vacuum pressure on changes in maize seed mois-
ture content (dry basis), destructive force and energy as well
as changes in horizontal projection area for single kernel,
were determined.

Dent maize kernels, used as the experimental material, were
hydro-thermally treated (boiling over 20 and 30 min at 100°C)
and next subjected to vacuum pressure (20 kPa) for 1, 3 and 5

min, on the experimental stand presented Figure 1. Before and
after processing of seed samples the moisture content (d.b.),
changes in destructive force and energy as well as the horizon-
tal projection area of single seed, were determined.

Samples for vacuum treatment were put into perforated
plastic container (7) placed in basic tank (3). After putting the
sample and closing the basic tank, the ball valves (4, 11) were
closed. Then the vacuum pump (1) was activated to generate
vacuum pressure in the main tank (2). Sensor of the pressure
(5) installed on the console enabled continuous control of
vacuum pressure in the system. Next, after required vacuum
level had been obtained and stopping vacuum pump (1), the
ball valve between main (2) and basic (3) tanks was opened to
equalize the pressure.

Moisture content was determined using the oven method
at a temperature of 130°C, according to Polish Standard [PN-
-ISO 712/2002].

Strength parameters of the kernels were measured in an
Instron 4302 apparatus using compression test, at 50 mm/
min rate. The changes in destructive force and energy as af-
fected by vacuum treatment were determined.

Horizontal projection area for processed kernel was
measured on the SVIST stand for computer image analysis
[SVIST, 1992], (Figure 2). All the measurements were done
in ten replications.

RESULTS AND DISCUSSION
Figure 3 presents the investigation results concerning kernels

processed hydro-thermally over 20 and 30 min, and next sub-
jected to vacuum pressure treatment at the pressure of 20 kPa.
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FIGURE 1. Schematic diagram of the experimental stand: 1 — vacuum
pump, 2 — main tank, 3 — basic tank, 4 — ball valve, 5 — sensor of the
pressure, 6 — sample treated by vacuum pressure, 7 — mesh prevent-
ing the sample ingestion, 8 — vacuum pressure gauge, 9 — electro valve,
10 — check valve, 11 - valve.

Application of 20 min hydro-thermal treatment resulted
in almost four-fold increase of moisture content (d.b.) in the
samples, while in the samples treated for over 30 min — more
than four-fold increase of that value.

In maize samples boiled for 20 min and subjected to
20 kPa pressure, the moisture content (d.b.) decreased by
0.04 kg/kg d.m. in relation to the material not treated with
vacuum pressure, achieving the level of 0.384 kg/kg d.m. (af-
ter 5-min vacuum pressure treatment).

In the case of samples boiled for 30 min after analogous
vacuum pressure treatment, that value decreased — likewise
as at 20 min hydro-thermal treatment — by 0.04 kg/kg d.m.,
achieving the level of 0.43 kg/kg d.m. (after 5-min vacuum
pressure treatment).

Figure 4 illustrates the changes in destructive force for
maize kernels hydro-thermally treated for 20 and 30 min and
subjected to vacuum pressure of 20 kPa.

Application of 20 min hydro-thermal treatment reduced
the value of destructive force by over 65%. As a result of hy-
dro-thermal treatment prolonged from 20 to 30 min the de-
structive force was reduced by about 75%.

In seed samples boiled for over 20 min, after 1-min vacuum
pressure treatment an increase of destructive force by about
55 N was observed; its maximum value reached 280 N. Further
prolongation of the vacuum pressure treatment reduced gradu-
ally destructive force down to 244 N (after 5-min treatment).

In the case of 30 min hydro-thermal processing of maize
seeds the application of vacuum pressure gradually increased
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FIGURE. 3. Changes in the moisture content (dry basis) of raw materi-
als subjected to 20 and 30 min hydro-thermal treatment and next to the
vacuum pressure of 20 kPa.

FIGURE 2. Scheme of the SVIST system for computer image analysis:
1 —digital camera, 2 — subject table, 3 — converter, 4 — personal computer,
5 —screen, 6 — sample, 7 — source of light.

destructive force from 170 N (for boiled material without vac-
uum pressure treatment) to 212 N (5-min vacuum pressure
treatment).

The changes in destructive energy for maize seeds hydro-
thermally processed for over 20 and 30 min, and vacuum
pressure treated at 20 kPa, are presented in Figure 5.

The applied 20-min hydro-thermal processing increased
the energy necessary to destroy the single seeds, from 0.138 J
to0 0.178 J; in the case of 30-min hydro-thermal processing no
changes of energy value were observed.

In the case of maize seeds boiled for 20 min, prolonged
duration of vacuum treatment up to 3 min, increased de-
structive energy to the maximum value of 0.212 J; further
vacuum treatment prolongation reduced that value to the
level of 0.162 J.

The seeds boiled for 30 min, as the vacuum treatment du-
ration increased, showed a rise of energy necessary to destroy
the seeds from 0.130 J (for material not subjected to vacuum
pressure) to 0.165 J (for material kept under vacuum pressure
for 5 min).

Figure 6 illustrates the changes in horizontal projection
area of the maize seeds (as a result of swelling), subjected to
20 and 30 min hydro-thermal processing and vacuum pres-
sure treatment at 20 kPa.

The applied hydro-thermal processing decreased the hori-
zontal projection area for single maize seeds, in the case of
20 min duration by 1.3 mm?, whereas for 30 min duration by
3.4 mm?on average.
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FIGURE. 4. Changes of destructive force for maize seed samples sub-
jected to 20 and 30 min hydro-thermal treatment and vacuum pressure
of 20 kPa.
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FIGURE. 5. Changes of destructive energy for maize seeds after 20 and
30 min hydro-thermal processing, subjected to vacuum pressure 20 kPa.

For maize seeds boiled for 20 min, the vacuum pressure
duration extended to 3 min increased the horizontal projec-
tion area of single seeds to the maximum value of 87.35 mm?;
further prolongation of vacuum pressure treatment reduced
that value to the level of 75.13 mm?.

The maize seeds boiled for 30 min showed the maximum value
of horizontal projection area for single seeds after 1-min vacuum
pressure treatment (reaching above double increase in relation to
the material not subjected to vacuum pressure). Further prolonga-
tion of vacuum treatment gradually decreased that value to the lev-
el of 75.6 mm? (for material kept under pressure for over 5 min).

TABLE 1. Regression equation and determination coefficient R* describ-
ing moisture content (dry basis) variability in maize seeds boiled and
vacuum pressure treated for 1, 3 and 5 min (z- time of treatment).

2

Regression equation R?
u =-0.007t + 0.42 0.84
u = -0.008t + 0.47 0.86

Treatment

Boiled 20 min, pressure 20 kPa
Boiled 30 min, pressure 20 kPa

TABLE 2. Regression equations and determination coefficients R? de-
scribing variability of destructive force for maize seeds boiled and vacu-
um pressure treated over (t- time of treatment).

Treatment Regression equation R
Boiled 20 min, pressure 20 kPa  F = -15.6312 + 28.79t + 236.49 (.74
Boiled 30 min, pressure 20 kPa F =751t + 171.95 0.94

TABLE 3. Regression equations and determination coefficients R*> de-
scribing variability of destructive energy for maize seeds boiled and vacu-
um pressure treated over 1, 3 and 5 min (z- time of treatment).

Treatment Regression equation R?
Boiled 20 min, pressure 20 kPa E = -0.00612 + 0.029t + 0.17 0.83

E =0.00272 + 0.014t + 0.132  0.97

Boiled 30 min, pressure 20 kPa

TABLE 4. Regression equations and determination coefficients R? de-
scribing variability of horizontal projection area for maize seeds boiled
and vacuum pressure treated over 1, 3 and 5 min (z- time of treatment).

Treatment
Boiled 20 min, pressure 20 kPa
Boiled 30 min, pressure 20 kPa

Regression equation R?
P =-0938t2 + 6.79t + 7441  0.96
P=-0.87212 + 437t + 75.05  0.69
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FIGURE. 6. Changes in horizontal projection area for maize seeds in
samples hydro-thermally treated for 20 and 30 min and subjected to
20 kPa vacuum pressure.

On the basis of investigation results the regression equa-
tions were derived and the determination coefficients were ap-
pointed, as presented in Tables 1 - 4.

High value of determination coefficient for all derived
equations indicated very good fitting of the equations to the
results obtained.

CONCLUSIONS

1. Prolongation of vacuum pressure (20 kPa) treatment
within the range of 1 — 5 min resulted in drop of maize seed
moisture content (dry basis) for both applied durations of the
previous hydro-thermal treatment.

2. Maize seeds boiled for over 20 min within the tested
range showed the maximum value of destructive force after
1-min vacuum pressure treatment.

3. Maximum destructive energy was found for seed sam-
ples hydro-thermally treated for over 20 min and subjected to
vacuum pressure for 3 min.

4. Within the whole range of vacuum pressure (20 kPa)
durations higher values of destructive forces and energy were
observed for maize seeds hydro-thermally treated for over 20
min, as compared to those treated for over 30 min.

REFERENCES

1. Bialobrzewski J., Misiak W, Kinetyka suszenia nasion bobiku w
warunkach podciSnienia. Zeszyty Problemowe Postepéw Nauk
Rolniczych, 1997, 445, 272-283 (in Polish).

2. Chiralt A., Fito P, Barot J. M., Andres A., Gonzalez-Martinez C.,
Escriche 1., Camacho M. M., Use of vacuum impregnation in food
salting process. Journal of Food Engineering, 2001, 49, 141-151.

3. Fito P, Andres A., Chiralt A., Pardo P., Coupling of hydrody-
namic mechanism and deformation-relaxation phenomena
during vacuum treatment in solid porous food liquid systems.
Journal of Food Engineering, 1996, 27, 229-240.

4. KlimczakJ., Irzyniec Z., Wplyw obnizonego ciSnienia na trwatos¢
brokutow przechowywanych chiodniczo. Chtodnictwo, 34(8),
1999, 46-49 (in Polish).

5. McArdle E J., Kuhn G. D., Beelman R. B., Influence of vacuum
soaking on yield and quality of canned mushrooms. Journal of
Food Science, 1974, 39, 1026-1028.

6. McDonald K., Da-Wen Sun, Vacuum cooling technology for the food



114

J. Mazur

processing industry. Journal of Food Engineering, 2000, 45, 55-65.
PN-ISO 712/2002. Cereals and cereal products. Determination of
moisture content. (Routine reference method). 2002 (in Polish).
Salvatori D. Andres A., Chiralt A., Fito P, The response of some
properties of fruits to vacuum impregnation. Journal of Food
Processing Engineering, 1998, 21, 59-73.

SVIST - Visual system of image analysis scheme — software pack-

age “SVISTMET”, providing automatic measurements of object
morphometric features and their analysis; working with “SVIST”
enhanced colour image converter; developed in WIKOM Ltd.,
Warsaw 1992.

. Zapotoczny P., Markowski M., Effect of storage under hypobaric

conditions on shelf quality of the cucumbers. Problemy Inzynierii
Rolniczej, 1999, 2 (24), 55-60.

WPEYW OBROBKI PODCISNIENIOWEJ NA WEASCIWOSCI WYTRZYMALOSCIOWE NASION KUKURYDZY
PODDANYCH OBROBCE HYDROTERMICZNEJ

Jacek Mazur
Katedra Inzynierii i Maszyn Spozywczych, Akademia Rolnicza Lublin

W pracy okreslono wplyw zastosowanej obrdbki hydrotermicznej i nast¢pujacym po nim oddziatywaniu podciSnienia na zmiany zawartosci
wody, sily niszczacej, energii koniecznej do zniszczenia pojedynczych ziaren, oraz zmian pola powierzchni rzutu poziomego pojedynczych ziaren.
Materialem wykorzystanym do badan byta kukurydza paszowa. Material badawczy zostal poddany obrobce hydrotermicznej (gotowanie przez
201 30 minut w temperaturze 100°C) i nastepnie poddana oddzialywaniu obnizonego ci$nienia (20 kPa) przez 1, 3 i 5 minut. W calym zakresie
stosowanych czaséw oddzialywania podci$nienia 20 kPa zaobserwowano wyzsze wartosci sit niszczacych i energii niszczacej dla surowca obra-
bianego hydrotermicznie 20 minut w stosunku do obrabianego 30 minut.



