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A b's trac t Greater susceptibility of rapeseeds to
crushing and reduced oil recovery during extraction might
result from unproper post-harvest drying. The effect of
drying in selected types of industrial driers on seed pro-
cessability was studied. Indices for the estimation of seed
processability, i.e., P_ /P , and t /7 ratios, which con-

sider the variety differences, are proposed. The quality,of
dried seeds varied depending on the type of drier and the
drying parameter restrictions.
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INTRODUCTION

In Poland industrial drum driers SB 1.5
used for drying green fodders are also often
used for drying of rapeseeds. It is commonly
recognized that rapeseeds dried in this type of
driers are subjected to:

- serious mechanical damage, due to the
transvasing of seeds during drying;

- the effect of high temperature, evoked by the
unexpected fluctuation of air temperature at
the drum inlet;

- the limited control of air flow, and tempera-
ture to dried material.

The intensity of these negative processess
is closely related to the initial seed water con-
tent. In order to obtain the appropriate, final
water content from highly moist seeds, it is

necessary to prolong drying time, or increase
drying temperature, which involves even more
severe mechanical and thermal damages.
Rapeseed of extremely low percolation during
extraction occurred often in the 80-ties, there-
by the examination of reasons seemed to be
advisable. Fornal et al. [1,2] examined the
physical properties of such seeds and found
that a low percolation had resulted from the
inappropriate post-harvest drying of seeds. It
lowered the seeds mechanical resistance and
caused the powdering of press cakes. Seeds of
lower processability come mainly from the fa-
cilities equipped with drum driers. The above
information suggested industrial research into
the drum driers commonly used in the North
of Poland.

LIST OF SYMBOLS

AV -acid value, mg KOHg™!
D - degree of elasticity for bulk rapeseed, %
D - recoverable deformation of bulk seed, mm

e

Dp - plastic deformation of bulk seed, mm
L, - compfessing work till the oil Ploint, J
PV - peroxide value, mMol O2 kg

P, - pressure at the oil point, MPa

P, -pressure ate = 0.45 mm/mm, MPa
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A,_; - difference between the sieve weight
of the first and third turn in agglomera-
tion test, %

g, - strain at the oil point, mm/mm

T - percolation time, S

MATERIAL AND METHODS

Above 50 rapeseced samples were taken,
prior to and following drying, from industrial
drum (SB 1.5) and chamber (Socama, M-817
and LAW) driers working in 15 drying plants
in the North of Poland in June and July 1993.
Samples were collected at random so the ma-
terial was not variety homogeneous.

Seeds moisture was estimated by a drier
method in triplicate [3].

An agglomeration test was performed acc.
to Fornal et al. [2]. Seeds samples were
crushed in uniform conditions and thrice
sieved through the same noncleaned sieve
with 0.63 x 0.63 mm eyelets, VEB Kombinat
NAGEMA, Germany. Seeds quality was as-
sumed as very good, good or medium, poor
and very poor when difference between the
first and third sieve weight, A;_3, was up to 5 %,
10 %, 15 % and over 20 %, respectively.
Determinations were made in triplicate.

Percolation of a solvent through the ex-
tracted layer was measured by the time of the
solvent flow 7t through a layer of seeds
(grinded in uniform conditions) with height of
20 cm, in a column with a diameter of 6 cm,
filled in the same way. Determinations were
made in triplicate.

The oil point was determined using a
modified version of the Sukumaran and Sing
method [10]. Seeds were compressed in a met-
al, thick-walled container (surface area of the
sample was 1 cm? and sample layer thickness
1.2 cm) applying relevant equipment of In-
stron model 1011, Instron Ltd, England. The
crosshead speed was 10 mm/min. Reaching of
the oil point was indicated by oil spots.on a
blotting paper stripe (2 mm x 20 mm) placed
in the container. Pressure, £, (MPa), strain, €,

(mm/mm), and work, L, (J), consumed for
reaching of the oil point, have been accepted

as the characteristic oil-point parameters.
Determinations were made in 12 repetitions.

A compression test for bulk seceds was
done with the same equipment. Pressure P,

(MPa) at constant strain €=0.45 mm/mm,
which was the maximum strain not causing
macrodamages, was measured. Elasticity de-
gree of bulk seed layer, D (%), was calculated
using equation according to Mohsenin [4]:

D={D/JD,+D)100.

Determinations with Instron 1011 were
made in 5 repetitions.

The content of frce fatty acids in the oil
was estimated by an acid value expressed in
mg KOH essential to neutralise 1 g of oil. The
content of peroxides in the oil was estimated
by a peroxide value expressed in Mmol of
O,/1 kg of fat [5]. Determination of both of
the values was conducted in duplicate.

Germination power was made according
to Polish Standards {7] in triplicate.

Analyses were performed on the air dried
seeds of 6.5 % moisture (except germination
power).

EXPERIMENTAL

Comprehensive evaluation of seed quality
after harvest (control) and drying process was
carried out and the following were analysed:

- seed germination power (Tables 1 and 2),

- seed processability with agglomeration test
and the solvent percolation ability (Tables 1
and 2),

- oil quality characteristics with acid and per-
oxide values (Tables 1 and 2),

- macro- and microdamage (Tables 3 and 4),

- mechanical properties and ability to oil ex-
traction from seeds (Tables 3 and 4).

The results are presented in separate tables
for drum driers (Tables 1 and 3) and chamber
driers (Tables 2 and 4) to be more clear.

Examination of rapeseed quality after har-
vest was not univocal. The results of the ag-
glomeration test expressed by the difference in
sieve weight A; 3 (in the range of 0.32 to 2.22 %)
and solvent percolation time T (26-43 s) showed
good seed processability. Also acid value
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Table 1. Quality of rapeseeds dried in drum driers

Germination Processability Oil quality
Seed
€edas power Al—3 Tp AV PV
(%) (%) (s) (mg KOH/g) (mM O /kg)
raw 71 0.42 32 3.14 2.14
dried 4 1.71 41 1.56 6.66
raw 1 1.29 27
dried 1 2.18 37
raw 70 1.32 25
dried 12 2.68 32
raw 70 1.32 33
dried 12 1.15 36
raw 95 1.52 37
dried 7 3.40 52
raw 79 1.29 35
dried 1 4.85 44
raw 70 0.39 27
dried 0 2.49 59
raw 57 2.22 27 2.60 2.7
dried 0 6.20 38 2.40 10.40
raw 68 0.77 27 2.12 3.66
dried 8 5.74 39 1.51 491
raw 92 1.40 41 3.06 3.55
dried 14 1.64 73 2.28 422
raw 93 1.01 26
dried 0 0.32 41
raw 94 1.45 36
dried 0 0.95 64
raw 97 0.95 26 273 3.01
dried 9 2.86 97 1.72 11.23

T able 2. Quality of rapeseeds dried in chamber driers

Germination Processability Oil guality
Seeds power
A, T, AV PV
(%) (%) (s) (mg KOH/g) (mM O,/kg)
raw 97 0.95 26
dried 90 0.86 31
raw 82 0.66 43 1.85 3.41
dred 82 1.17 44 2.02 4.48
raw 40 1.29 35
dried 38 1.44 42
raw 58 0.46 35
dried 37 1.45 37
raw 70 0.39 35
dried 68 0.84 35
raw 85 1.30 34
dried 50 2.08 43
raw 87 0.61 33
dried 69 2.52 35
raw 70 1.31 34
dried 65 2.86 38
raw 97 0.95 26 1.97 3.32
dried 36 0.60 41 3.42 471
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T able 3. Mechanical properties of rapeseeds dried in drum driers

Damages Oil-point test Compression test
Seeds elasticity
macro- micro- pressure  deformation work pressure degree

(%) (%) (MPa) (mm/mm) &) (MPa) (%)
raw 6.0 1.7 8.44 0.472 1.60 8.59 715
dried 26 2.6 8.14 0.503 1.42 6.84 81.8
raw 1.2 0.7 8.23 0.431 1.61 9.35 70.8
dried 34 2.0 7.50 0.472 1.32 6.68 79.6
raw 3.9 5.0 8.05 0.462 1.50 8.12 757
dried 2.0 1.4 7.78 0.460 1.36 7.78 76.9
raw 39 5.0 7.90 0.463 1.50 8.12 75.7
dried 2.3 1.3 727 0.463 1.33 7.16 76.9
raw 1.7 1.3 9.21 0.442 1.75 10.12 75.7
dried 1.8 1.7 7.05 0.443 1.30 7.16 76.9
raw 1.2 0.7 823 0.431 1.61 9.35 70.8
dried 37 3.7 7.13 0.467 1.24 6.63 80.2
raw 2.5 33 8.33 0.427 1.58 9.45 72.9
dried 36 33 7.49 0.478 1.41 6.96 85.2
raw 3.1 20 8.51 0.448 1.69 9.07 84.5
dried 11.1 73 8.31 0.531 1.44 4.56 91.4
raw 7.2 5.0 8.80 0.461 1.81 8.61 70.9
dried 93 8.3 7.62 0.504 1.54 6.60 721
raw 22 1.7 9.56 0.462 1.98 9.49 73.0
dried 49 20 8.74 0.472 1.56 7.39 85.9
raw 2.3 2.3 9.16 0.446 1.93 10.12 75.6
dried 4.0 73 71.57 0.461 1.59 8.18 86.5
raw 1.7 3.0 8.98 0.432 1.80 10.03 78.4
dried 5.3 7.7 7.67 0.465 1.61 7.90 83.7
raw 2.5 0.7 9.42 0.429 1.75 11.71 71.5
dried 2.9 4.6 8.04 0.482 1.67 7.08 83.6

T able 4. Mechanical properties of rapeseeds dried in chamber driers

Damages Qil-point test Compression test
Seeds ..
elasticity

macro- micro- pressure deformation ~ work pressure degree
(%) (%) (MPa) (mm/mm) &) (MPa) (%)
raw 25 0.7 9.42 0.429 1.75 11.87 71.7
dried 2.3 1.6 8.67 0.421 1.66 9.60 78.0
raw 1.7 0.3 9.08 0.432 1.70 11.35 74.4
dried 2.0 2.3 8.80 0.429 1.63 9.26 73.5
raw 13 1.7 8.65 0.456 1.65 9.14 69.9
dried 31 0.3 8.38 0.448 1.57 9.24 789
raw 4.9 5.0 7.42 0.468 1.47 7.02 78.8
dried 4.5 7.0 7.29 0.470 1.37 6.84 86.0
raw 2.5 2.3 8.37 0.435 1.60 10.15 72.9
dried 2.3 33 8.33 0.427 1.59 9.45 729
raw 39 5.0 8.78 0.465 1.71 8.69 69.2
dried 42 6.7 8.36 0.466 1.69 8.40 75.7
raw 1.6 1.3 8.76 0.426 1.75 10.35 72.3
dried 2.1 1.0 8.32 0.440 1.62 9.32 83.6
raw 24 1.7 9.07 0.446 1.93 9.64 78.8
dried 2.9 1.7 797 0.448 1.59 9.38 83.6
raw 2.5 0.7 10.42 0.429 1.93 9.64 78.8
dried 3.0 6.0 8.74 0.443 1.87 9.23 83.6
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(1.85-3.14) and peroxide value (2.14-3.66),
which were within the limits accepted for raw
oil, indicated a good quality of oil extracted
from non-dried seeds (Tables 1 and 2). How-
ever, the usability of examined seeds as a sow-
ing material was poor. The germinating power
of seeds ranged from 57 % to 97 %, and as
little as 18.1 % of seed samples were qualified
as 1st class (according to the Polish standards).

Values of quality indices based on me-
chanical properties of seeds depend both on
mechanical seed resistance and the variety of
rapesced [1]. The rapcsecd variety was not
identified in all cases. Thus, differentiation in
mechanical propertics of seeds, i.e., lower values
of oil-point or compression test parameters
(7.43<P,<9.56 MPa, 1.465<L,<1.981 J and

8.12<P.<11.87 MPa) do not have to indicate

weak meachanical resistance of seeds (Tables
3 and 4). The low percentage of mechanically
damaged post-harvest seeds pointed rather at
variety variability of rapeseeds. The level of
damage of most of the samples (100 % of
samples referring to microdamages and ap-
proximately 90 % to macrodamages) falls
within the range 1-5 % (Tables 1 and 3). In
comparison with rapeseed harvested in 1991,
more samples were found with 1, 2 and 5%
damage and less with 3 and 4 %. However, the
damage percentage of almost all the samples
examined in 1991 is within the range 1-5 %.
Thus, it should be considered that the damage
level of the harvested rapeseed did not depart
from the standard.

Industrial drying of seeds in both types of
driers resulted in changes in the parameters
studied but in most cases the changes were
more evident after drying in drum driers.

Processability of dried seeds, according to
the results of the agglomeration test, remained
very good. Determined values of the sieve dif-
ference A;_,, though generally higher than
those for the non-dried seeds, slightly exceeded
5 % only in three cases (maximum value -
6.20 % for the sample 30, drier SB 1.5).

Percolation time for dried seeds was
longer, but the increase for particular samples
was not equal (Tables I and 2). On estimating

the change in percolation time, the relative
value, i.e., percolation time for dried seeds to
raw seeds ratio 1,/7,, was applied to balance
the assumed variety variability of this par-
ameter. The values of 1,/7, for the seeds dried
in chamber driers were, with one exception,
within the range of 1.0-1.2, whereas in drum
driers they were higher (1.19-3.73). It shows
that the percolation time was longer for seeds
dried in drum driers (Fig. 1).

The acid and peroxide values for the oil
obtained from selected samples of dried seeds
slightly exceeded the Polish standard. Two
different tendencies showing an increase and a
decrease of the acid value in oil from dried
seeds, as compared to the oil obtained from
raw seeds, were observed. The effect of tem-
perature appeared mostly as an increase in AV
caused by the oxidation of triglycerides and
destruction of molecules into fatty acids. The
decrease of AV might be probably explained
by interactions of long-chain fatty acids with
other seeds components, e.g., proteins, on
heating of the seeds to 60-70 °C during drying.
An increase of peroxide value in all oils was
observed. It was fivefold in an extreme case
that confirmed different decreasing oil quality
(Tables 1 and 2).

The changes in germinating power were
univocal. Only a few samples of the seeds
dried in chamber driers preserved germinating
power, while the majority of seeds samples
dried in drum driers lost germinating ability.

The drying process lowered the mecha-
nical resistance of sceds. The number of dam-
aged seeds increased, whereas the P, and L,
values decreased (Tables 3 and 4). Similar
changes are also confirmed in other papers
[69]. P, L, and P, values are generally lower
for the seeds dried in drum driers. Tendencies
for changes in mechanical properties of seeds
both dried and undried are presented in Fig. 1
using respective P, values, which are closely
correlated with L, and P (correlation coeffi-
cients are higher than 0.9) so represent all par-
ameters of oil-point and compression tests very
well. It was established that the mechanical
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resistance of seeds depends also on the variety
of rapeseed [1]. Thus, a comparison in the
mechanical resistance decrease is possible
only when an index, including the different in-
itial level of this resistance, is applied. The
ratio of raw seeds P, to dried seeds P,, iec.,

P,/P,,; was calculated in a similar way as the
14/1, 1atio. For the seeds dried in drum and
chamber driers P,,,/P ,; values were within the

range 1.024-1.234 and 1.000-1.144, respecti-
vely, which indicates a higher decrease in
mechanical strenght of drum dried seeds.

A similar general trend in changes of
t/7,and P, /P, values was obscrved. How-

ever, the correlation between the indices T4/t
and P,/ P, appeared to be weak - correlation

coefficients were 0.566 and 0.661, respective-
ly, for drying in drum and chamber driers. The
relation between the lowering of mechanical
resistance of seeds and the extended percola-
tion time was confirmed earlier [2,8] then the
differentiation of varieties and a slight weaken-
ing of the examined seed microstructure might
be the explanation of this unexpected results.

Other parameters, presented in Tables 3
and 4, for the deformation at the oil point and
a degree of clasticity, had mostly the values
recognized for dry but not overdried seeds [8].
The degree of elasticity of seeds is higher for
dried seeds. It can result from the stronger
shrinkage of cotyledons than a hull, which
causes air spaces to form. The deformation at
oil point for dried seeds changed irregularly,
admitting higher or lower values in compari-
son with the raw seeds. The deformation at oil
point is usually higher for dried seeds than the
analogical raw seeds, because of the presence
of the air space between the cotyledons and a
hull. The values of deformation for dried seeds
were in this case unexpectedly low. The smal-
ler shrinkage caused low initial content and
low decrease in the mechanical resistance of
seeds, which were probably the reasons for the
decrease in elasticity of dried seeds.

On summing up the obtained results it
should be stressed that processability of all the
seeds studied was good. Thus, it can be as-

sumed that the raw quality of the seeds dried
in drum driers may have resulted from not
controlling the recommended drying parame-
ters, mainly the drying temperature.
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OCENA TECHNOLOGICZNEJ JAKOSCI NASION
RZEPAKU SUSZONYCH W SUSZARKACH
PRZEMYSLOWYCH

Poniewaz czesto zdarzalo sig, Ze nasiona rzepaku do-
suszane po zbiorze nie nadawaly si¢ do przerobu dwusto-
pniowego (brak perkolacji rozpuszczalnika umiemozliwiat
ekstrakcje oleju) pobrano do analizy prébki nasion ze
zbiorow 1993 r. suszonych w przemystowych suszarkach
bebnowych SB 1.5 i komorowych (Socama, M-817 i LAW).
Przeprowadzono oceng jakosci nasion po zbiorach i po su-
szeniu analizujac: zdolnos¢ kielkowania nasion, technolo-
giczna przydatno$¢ nasion oceniang testem aglomeracji
i czasem perkolacji rozpuszczalnika przez warstwe roz-
drobnionych nasion, jakos¢ oleju pozyskanego z wybra-
nych préb nasion mierzona liczbami kwasowa i nadtlenkowa,
stopient makro- i mikrouszkodzen nasion oraz wlasciwosci
mechaniczne i zdolnoé¢ wyolejania nasion.

Ocena jakosci nasion po zbiorach nie byla jednozna-
czna. Przydatnos¢ technologiczna nasion i jako$¢ oleju su-
rowego byla dobra lecz zdolnos¢ kietkowania nasion byla
bardzo slaba. Nasiona charakteryzowaly si¢ stosunkowo
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niska odpomoscia mechaniczna (niskie wartosci punktu
olejowego) cho¢ stopieni uszkodzen nasion po zbiorze byl
niski.

Przemyslowe suszenie nasion w suszarkach tak bgb-
nowych jak i komorowych powodowalo zmiany wartosci
wszystkich badanych parametréw, wyrazistsze po susze-
niu nasion w suszarkach bgbnowych. Wskazniki eliminu-
Jjace zréznicowanie nasion po zbiorach t). T, Z/T:w (do
oceny wydluzenia czasu perkolacji) i Po PO (do
oceny obnizenia odpornoSci mechaniczne] nasion) po-
twierdzily takze silniejsze zmiany w nasionach suszonych
w suszarkach bgbnowych. W danych warunkach (popraw-
ne sterowanie procesem suszenia, nasiona o stosunkowo
niewysokiej poczatkowe) wilgotnosci) technologiczna ja-

ko$¢ wszystkich suszonych nasion pozostala poprawna.
Sadzi¢ zatem nalezy, ze obserwowane obnizenie jakosci
nasion podczas suszenia moze by¢ przyczyna dyskwalifi-
kacji partii tylko w przypadku suszenia nasion o wysokiej
wilgotnosci poczatkowej. W praktyce, w tych przypad-
kach wydtuza si¢ najczgsciej czas suszenia co moze pro-
wadzi¢ do przesuszenia nasion powodujacego ich
nadmiemn3g kruchos¢. Przesuszenie szczegdlnie latwo moze
si¢ zdarzy¢ w suszarkach bgbnowych SB 1.5, w ktérych
stosuje si¢ Wyzsze temperatury suszenia.

Stowa kluczowe: nasiona rzepaku, olej rze-
pakowy, przydatnos¢ technologiczna, suszenie przemysto-
we, wlasciwog$ci mechaniczne, zdolno$é kielkowania.



