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Abstract

A relation was found between the alkylresorcinols content and the weight
of single grains, their specific weight and situation in the ear. In the group of
grains with high specific weight (above 1.300 g/cm?) the relative alkylresor-
cinols content proved to be a constant value, whereas the total content was
positively correlated with the grain weight. A negative correlation was found
between the specific weight and the relative alkylresorcinols content decreas-
ing from tip to base of ear. In the apical zone of growth grains with low
specific weight (below 1.260 g/em?®) constitute 70 per cent, and in the middle
and base of the ear 30 per cent of all grains in the given zone.

INTRODUCTION

Taking into account the two essential physical parameters — weight
and specific weight — it is possible to calculate the volume of the grain.
This volume, in view of the definite shape of the grain, is a trait strictly
correlated with the surface dimensions. Under the assumption that the
alkylresorcinols content falling to a surface area unit is a constant value,
the size of this surface area is decisive for their total content in the grain.

In grains with similar specific weights, that is when the ratio of weight
to volume ratio is constant, the relative alkylresorcinol content will be
a constant trait characteristic for the given population, and their total con-
tent in all grains will increase with grain weight.

* This study was carried out under the project no. 08.11, coordinated by the
Institute of Plant Breeding and Aclimatization.
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In grains with different specific weight, and thus with a variable weight
to volume ratio, the relative alkylresorcinol content should also be a
variable character, negatively correlated with the specific weight of the
grain. There is no distinct correlation between the weight of the particular
grains and total alkylresorcinols content.

The purpose of the present study was to check the above expounded
assumption. Investigations were performed on genetically definite seed
material in the period of anabiosis, and on ears freshly collected during
harvest. The correlations were determined between specific weight and
weight of the particular grains and the total and relative resorcinol content.

MATERIAL AND METHODS

Rye of the variety Dankowskie Zlote, of the 1973 harvest was taken
from the experimental Plant Breeding Station in Rogaczewo Breeding
Section Choryn and from the Breeding Station at Smolec. Purity was 99.9
per cent, germination power 90, generation — original, the grain was air
dry. The investigations were carried out after a year’s storage of the
material.

The rye ears of the variety Dankowskie Zlote, with 17 tiers, genera-
tion — original, from the Experimental Station of the Wroclaw Agricul-
tural University in Swojec. Date of harvest August, 1974.

Milling fractions: fine and coarse bran, and rye flour (1974 harvest,
Laski) generation — original were obtained by grinding the grains in
Biichler type mill. The material was received owing to the courtesy of
doc. dr A. Biskupski, head of he Department of Cereals Technology,
Agricultural University, Wroclaw.

The alkylresorcinol standard was obtained by the methanol procedure
from acetone exctracts from rye Dankowskie Zlote grains (Choryn). The
preparation was homogeneous in thin-layer chromatography in several
solvent systems (W. Mejbaum-Katzenellenbogen et al, 1975).

Rye grain specific weight was measured in water-sucrose solutions:
two basic solutions were prepared — solution A of 1.200 g/cm?® density
and solution B with density 1.470 g/cm?® containing 541 g and 1311 g suc-
rose in 1 1. of solution respectively. The required density of the working
solution was obtained by mixing solution A with solution B in appropriate
proportions by volume. Density was measured at 20° C with a densito-
meter.

Alkylresorcinols were determined in single rye grains by the p-ni-
troaniline method. Single grains were weighed on a torsion balance (Tech-
niport — Warszawa), carrying capacity 100 mg, sensitivity 0.5 mg. The
weighed grain was placed in a calibrated test tube of 10 ml volume and
1 ml of acetone p.a. was added (POCH, Gliwice) the test tube was placed
in a water bath at 55° C with intermited shaking. After 3 h they were
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taken out of the bath, cooled to room tempertaure and 1.5 ml of freshly

prepared p-nitroaniline reagent (W. Mejbaum-Katzenellenbogen
et al., 1975) was added. After 30 min 7.5 ml acetone was added and after
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Fig. 1. Standard curve for alkylresorcinols determination. Standard — alkylresorci-
nol preparation from rye

60 min. extinction was read in a 1 ecm layer at 435 nm in a Spekol
apparatus. From the standard curve shown in Fig. 1 the alkylresorcinol
content in one grain was read.

RESULTS

Table 1 shows the relative alkylresorcinols content in several randomly
taken samples of rye milling products from rye Dankowskie Zlote: in

Table 1

Total and relative alkylresorcinol content in milling products of rye
‘Dankowskie Zlote’; generation — Original; 1974 harvest; Laski

Alkylresorcinol content
Milling Weighed sample
pI’OdquS mg Content in o/‘
sample mg °
| I o
Coarse bran 372 1.40 0.376
618 2.20 0.356
398 1.50 0.369
Fine bran 256 0.320 0.125
225 0.280 0.124
238 0.290 0.122
Flour 1010 0.090 0.007
1217 0.090 0.007
1048 0.080 0.008
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coarse and fine bran and in fluor. The coarse and fine bran contains
practically all the alkylresorcinols extractable with acetone. In both mill-
ing fractions representing the outer layers of the caryopsis, the pericarp
and the aleurone the relative alkylresorcinols content is 0.540 per cent.
The richest in alkylresorcinols is the coarse bran milling fraction.

A statistical characteristic of the grains of Dankowskie Zlote rye is
given in Table 2 in the generation — original (1973, Smolec), thus in well
definite seeding material. The mean weight of single grains and the total
and relative alkylresorcinol content were determined. The group of nu-
merical results obtained shows a normal distribution. The mean weight of
a grain is 43.3 = 1.3 mg the total alkylresorcinol content is 0.040 + 0.002
mg and the relative content 0.093 * 0.005 per cent. The low variability
coefficient 5.3 per cent indicates the homogeneity of the material.

Table 2

Total and relative alkylresorcinol content in single rye grains in dependence on
their weight

Rye ‘Dankowskie Ziote’ variety; grains air-dry; after one-year storage
(Smolec 1973)

| Mean content

| | Mean weight | - - -
Group n I X+s (mg) | XEE X—s
| | | (mg) | (per cent)
| .
Norm | 600 43.3+1.3* 0.040+0.002 0.093 +0.005**
heavy grains l
(A) 10 45.1+1.2 | 0.042 +0.009 0.093+0.019
Light grains | ' ‘
(B) 10 25.3+0.9 | 0.034 +0.004 0.136 +0.011
Difference | 198 | 0.008 0.043
A—B | (t=0.14) (t=2.89)

* — variability coefficient=3.0%;
** _ variability coefficient v=5.39

From the whole sample (10 kg) 10 grains weighing 45 mg each (group
A) and 10 weighing 25 mg each (group B) were chosen. The grains of group
A do not differ from the norm either in weight or in total and relative
alkylresorcinols content. In group B (25 g) the grains show significant dif-
ferences as regards weight and a higher relative alkylresorcinols content,
whereas the total content in a single grain is the same. The lack of corre-
lation between the weight of single grains and the total alkylresorcinols
content indicates that grains weighing 25 and 45 mg have a closely similar
surface area. The differences in percentual alkylresorcinols content occur-
ring between group A and B seem to suggest that the lighter grains are not

so well developed and have a lower specific weight than those weighing
45 mg.
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In further experiments the distribution of specific weight of rye grains
was determined and the correlation between specific weight and relative
alkylresorcinols content was established in a sample weighing 15 g (435
grains).

Table 3 presents the distribution of specific weigthts, mean weight
of grains in each specific weight class and the relative alkylresorcinols
content. Barely 7.8 per cent of the grains exhibited a specific weight equal
or lower than 1.204 g/cm3. To classes I and II jointly fell 18 per cent of
the grains. Classes III, IV and V included grains with mean specific weig-
hts within the limits of 1.260—1.334 g/cm?, to this group fell 47 per cent
of the grains. The last class (35%0) consists of grains with specific weight
equal or higher than 1.334 g/cm3. From each of these classes 30 grains
were taken randomly, their weight and the content of alkylresorcinols
were determined. The mean weight of single grains, notwithstanding the
specific weight class was 33 = 2 mg. The highest percentual alkylresor-
cinol content was found in grains with the lowest specific weight (classes
I and II) which contained 0.133 per cent of these substances. The content
of alkylresorcinols in grains with a moderate specific weight was markedly
lower amounting to 0.110 per cent. The lowest relative alkylresorcinol
content (0.095%0) was noted in grains with highest specific weight.

Thus relative alkylresorcinol content is negatively correlated with

Table 3

Relative alkylresorcinol content and mean weight of rye grains in dependence on
their specific weight

Grain Specific weight l o ! hian we,'ght | Alkylreso-
class interval g/cm? number b ll o r;g]rgam rcinols %
! e —
1 d<1.204 3 | 78 | 32 | 0.135
11 1.204<d<1260 | 44 102 | 31 0.130
111 1.260<d<1.300 | 84 194 | 32 0.100
IV | 1.300<d<1.326 ‘ 84 19.4 35 | 0110
V | 1.326<d<1334 | 37 8.6 32 | o110
vi | 1.33<d | 150 | 346 35 [ 0.095
Total | 433 | 100.0 3342
v=6%

The 15-g sample containing 433 grains of ‘Dankowskie Ziote’ rye; 1973 harvest (Rogaczewa) were
placed in a sucrose solution with specific weight 1.204 gfem?.

The grains floating on the surface were considered as class I. The specific weight of the solution
was gradually increased. Classes 11, 111, IV and V consisted of grains collected from the surface in the
sucrose solution density intervals given in the table. Class VI consisted of grains suspended and lying
at the bottom of the vessel in solution of 1.334 g/cm? density. The grains of the particular classes were
counted, washed with water and dried to constant weight at 105°C.

From each class 30 grains were taken randomly, weighed and their alkylresorcinol content was
determined. The table gives the density interval and per cent of grains in the given specific weight class,
mean weight of 1 grain in the given class and the relative alkylresorcinol content.
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specific weight of the grains. It should be mentioned that the grain weight
varied to a similar degree in all specific weight classes.

To supplement this experiment a trial was undertaken of characteri-
zation of grains of classes II, IV and VI. For this purpose 5 grains weighing
22 mg and five weighing 46 mg were chosen from each class. In both
weight classes total and relative alkylresorcinol content was determined
(Table 4). It proved that in the 3 specific weight classes investigated (II,
IV and VI) grains weighing 46 mg contained significantly more alkylresor-
cinols than those weighing 22 mg. Grains with specific weight above 1.300
g/em3? did not differ from one another in alkylresorcinol percentual con-
tent. Class II, grains with the lowest specific weight, show a significantly
higher content of the studied substances, with a negative correlation be-
tween the single grain weight and the relative alkylresorcinol content.

Table 4

Total and relative alkylresorcinol content in single rye grains in
dependence on their weight and specific weight

Alkylresorcynols

Rye grains

Specific Weight
1 - grain weight %
weight g/cm? s Hg/grain X+s X+s
! |
22 [ 0.033+0.003 | 0.150+0.014
Class 11 46 | 0.055+0.006 | 0.121+0.013
difference —0.022 —0.029
(r=3.21) (r=3.53)
22 0.024+0.004 | 0.1070.021
Class 1V _ 46 0.043+0.007 |  0.094+0.016
difference ~0,019 ' —0.014
| (r=3.93) (1=1.05)
[ 22 0.022 +0.004 0.09+0.016
Class VI 46 0.044 +0.014 0.095+0.032
| difference —-0022 | ~0.003
(1=2.98) | (r=0.45)

Five grain weighing about 22 mg and 5 grains weighing about 46 mg were taken
from each of 3 classes of specific weight.

Class I — grains with specific weight higher than 1.204 g/cm? and lower than
1.260 gfem?, class IV -— 1.300<1.326 gfem?, class VI=1.334 g/em?

To sum up the results of this experiment it may be stated that well
developed rye grains with specific weight above 1.260 g/cm? exhibit a po-
sitive correlation between alkylresorcinols content and grain weight. This
explains the increase in surface area associated with increase in weight.
The relative content is a constant value characteristic for a given popu-
lation.
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Poorly developed grain with specific weight below 1.260 g/cm?® do not
exhibit these regularities, this finding its expression in a negative cor-
relation between specific weight and relative alkylresorcinols content.

For checking in how far biological variability effects the alkylresor-
cinol content, analogous investigations were performed in grains collect-
ed directly from freshly harvested ears of Zlote Dankowskie ryc (Origi-
nal).

Grains were taken from the ear base (tiers 2, 3, 4) the middle (tiers 9,
10, 11) and tip (tiers 14, 15, 16) and dried to constant weight. Then each
grain was weighed and alkylresorcinols were determined in it. The sta-
tistically elaborated results are shown in Table 5. The grain weight in-
creases from the base tot he middle of the ear and then decreases towards
the tip. The high variability coefficient (v = 10—23%) indicates wide dif-
ferences in grain weight in each zone of growth. Total alkylresorcinols
content increases with the increase of grain weight. The relative alkylre-
sorcinols content decreases from the tip to the base of the ear. Grains of
the second tier contain on the average 0.090, and of the 16th tier 0.135 per
cent alkylresorcinols. The variability coefficient is also high amounting
to 12—30 per cent.

Table 5
Total and relative alkylresorcinol content in single rye grains in dependence on their position
in the ear
Position of grain in ear |Mean weight of grain| Mean alkylresorcinol content
| — — —
zone tier | X+ts - X+ *s X*s 5
of growth (mg) (mg) (per cent)
|
2 | 25.7+3.8 14.8 0.023 +£0.005 0.090+0.021 233
Base | 3 .I 31.6+7.4 23.4 0.032+0 .009 0.099 +0.029 29.2
4 32.1+£3.8 11.8 0.032+0.010 0.099+0.031 31.3
9 34.5+6.2 18.0 0.040+0.012 0.115+0.035 304
Middle part 10 37.7+4.5 11.9 0.042 +0.006 0.110+0.017 15.5
11 38.9+5.1 13.1 0.046 +0.010 0.121+0.026 21.5
12 36.2+7.6 20.1 0.040+0.007 0.117+0.020 17.1
Tip 13 33.0+7.1 21.5 0.039+0.005 0.117+0.015 12.8
| 14 29.8+54 18.1 0.040+0.008 0.135+0.029 214

For determinations 2 grains were taken from each of the chosen tiers of 15 ears — for each tier 10 measurements
were performed.

From each zone of growth 60 grains were taken. The distribution of
specific weights was established for each zone (Table 6).

In the base of the ear grains with low specific weight (classes I and 1I)
constitute 34 per cent, in classes III and IV 48.9 per cent. The specific
weight of the remaining 16.5 per cent of grains does not exceed 1.326 g/cm3
(class IVD).
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Table 6
Grain specific weight distribution in dependence on their situation in the ear
Specific Position of grain in ear
cl Ml | B
ass aterial . i~ .
mtcrv;ﬂ | base middle part tip
|+ wmg % | %
I 1.204=d 1162 0.0 47.0
I 1.204<d<1.260 | 13.4} %6 31.4} s 26.4} L
111 1.260<d<1.300 | 26.5 44.6 9.5
Iva | 1300<d<1326 | 22.4} 452 16.4} ko 9.5} 120
IVb* d=1326 | 165 165 | 74 74 | 16 16
Total | 100 100 | 100

* In the material of this experiment no grains with specific weight higher than that
given here were found.
Ears of ‘Dankowskie Zlote' ryve; Swojec — August 1974:. The grains were taken from the
particular tiers and dried to constant weight at 105°C. Each zone was represented by 60 grains taken
from 5 ears.
Specific weight distribution was measured as described in Table 3. Base — tiers 2, 3, 4; middle
part — 9, 10, 11; tip — tiers 14, 15, 16.

The middle zone of growth includes 31.4 per cent of grains with low
specific weight (classes I and II), 61 per cent of moderately heavy (classes
III and IVa) and only 7.4 per cent of grains with specific weight 1.326
g/cm3, The tip of the ear contains as much as 73 per cent of grain with
low specific weight (classes I and II).

The distribution of specific weight in the base and the middle part of
the ear is similar, low specific weight grains constituting 1/3, whereas in
the top part they amount to 3/4 of all grains. Wide differences in specific
weight in dependence on the zone of growth may be attributed to the
highest percentual content of alkylresorcinols in the grains of the ear tip.

DISCUSSION

The main aim of the present study was to find evidence supporting the
assumptions advanced at the beginning that alkylresorcinol content is
directly dependent on the surface dimensions of the grain. The establish-
ment of the relations between weight and specific weight, that is weight
and volume and total alkylresorcinol content as index of surface area
of the grain is the basic condition for correct interpretation of the changes
occurring in the alkylresorcinol content under the influence of breeding
and genetic factors.

The investigations were carried out on one rye variety in the original
generation, thus on grains derived from a genetically definite population
in two physiological states, in the period of anabiosis and in the end phase
of ripening in the ear.
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The rye grain sample was divided into 6 groups differing in specific
weight. It was found that in all classes of specific weight the mean weight
of grain does not differ from the standard determined for the sample as
a2 whole. It is clear from this experiment that the volume of the grains
decreases with the increase in specific weight. Thus, there is a negative
correlation between the grain surface area and the specific weight. The
sample contained 80 per cent of well developed grains with high specific
weight and barely 20 per cent of grain of inferior quality with low specific
weight.

In connection with the assumption that the alkylresorcinol level is an
index of the grain surface area, the content of these substances was deter-
mined in grains of known weight and specific weight. The specific weight
of the grains proved to be negatively correlated with the relative alkylre-
sorcinol content. A further confirmation of the correctness of the initial
assumption concerning the localization of alkylresorcinols in the surface
layers of the grain is the positive correlation between the weight of grains.
with similar specific weight and the total alkylresorcinol content in the
grain.

Only selection of grain from the aspect of one physiological trait such
as their specific weight may give groups with constant relative alkylres-
orcinol content, in which the total content of these compounds increases
with the weight increment of the grain. The only exception proved to be
grains with low specific weight in which total alkylresorcinol content
increased significantly with grain weight, but the percentual content di-
minished. These groups differ from normal not only by the physiological
character of their weight to volume ratio, and thus by their surface area,
but also by their chemical character, that is the alkylresorcinol level.

In order to establish in how far the physiological state of grains af-
fects their specific weight and the constance of the alkylresorcinol index,
an analogous analysis of grains taken directly from the ears during the
harvest was performed. The grains from the base and middle zone of the
ear contained about 30 per cent of grains with low specific weight, and
those of the top part as much as 70 per cent of such grains. In the light
of the foregoing analyses performed on stored grain it was not surprising
that grain from the tip of the ear show the highest alkylresorcinol level,
and those from the base the lowest. The high variability coefficient for
the weight of the particular grains and for the relative alkylresorcinol
content are additional evidence for the wide differences in the degree of
maturity of grains in the particular zones of ear growth.

The variability in alkylresorcinols content observed in the grains of
one rye variety, both in the period of storage and during the harvest, is
a secondary character, since it does not indicate directly the changes oc-
curring in the concentration of these compounds, but it indirectly reflects
the variability of the weight to surface ratio of the grain.
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Poland

Alkilorezorcinole w ziarniakach Zyta (Secale cereale L.

II. Poziom alkilorezorcinoli w zalezno$ci od masy i ciezaru wlaciwego ziaren

Streszczenie

1. Przeprowadzono analize rozkladu cigzaréw wia§ciwych, catkowitej i wzgled-
nej zawarto$ci alkilorezorcynoli w ziarnach zyta odmiany Dankowskie Zlote w sta-
nie anabiozy i w koficowej fazie dojrzewania w czasie zniw.

2. Stwierdzono zalezno$é zawarto§ei alkilorezorcynoli od ciezaru pojedynczych
ziaren, ich ciezaru wlasciwego oraz od polozenia w klosie.

3. W grupie ziaren o wysokim ciezarze wlasciwym (powyzej 1,300 g/em®) wzgled-
na zawartoéé alikilorezorcynoli okazala sie wartoécia staly, natomiast zawarto$é
calkowita byla dodatnio skorelowana z waga ziarna.

4, Wykazano ujemna korelacje pomiedzy ciezarem wladciwym a wzgledng za-
warto§cig alkilorezorcynoli.

5. Wzgledna zawarto$é alkilorezorcynoli maleje od wierzcholka do podstawy
klosa.

6. W wierzchotkowej strefie wzrostu ziarna o niskim cigzarze wlasciwym (po-
nizej 1,260 g/em® stanowia 70%, a w érodku i podstawie klosa 30% ziaren danej
strefy.
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