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Comparison of GFFF and LALLS methods for
determination of large and small starch granules
in spring barley grain (Hordeum vulgare L..)

A newly developed method GFFF (Gravitational Field-Flow Fractionation) and the well known method LALLS (Low Angle
Laser Light Scattering) were used to assess content of starch granules in the grain endosperm of seven varieties of spring
barley (Hordeum vulgare L.). As a distribution criterion, the ratio of starch granules larger than 8 pm (type A) and smaller
than 8 pm (type B) was chosen. Both methods assigned the varieties Akcent and Forum to the variety set with the highest
ratio of large and small starch granules. Other studied varieties (Amulet, Kompakt, Olbram, Scarlett, and Tolar) formed

a statistically indiscernible variety set with a lower ratio of large and small starch granules. Statistically highly significant
correlation between the GFFF and LALLS methods was proved (r = 0.782).
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1 Introduction

Starch in barley caryopses occurs in a form of large (type A,
8-30 pm) and small (type B, 2-8 pm) granules. [14] Generally,
the small granules represent ca 90 % of the total amount of the
granules but only 10 % of the starch total weight. [1] During the
technological process of the beer production, most granules are
degraded to fermentable sugars which are converted by yeasts
to alcohol. Due to their compactness, however, ca 5 % of starch
granules remains inaccessible for enzymatic degradation. The
small starch granules tend to embed firmly into the protein ma-
trix and interior of the cell walls. [16] Besides the loss of yield
at alcohol production, these spherical particles can cause further
technological problems. They can create starch haze and block
filter beds in lauter tuns. [23]

Anumber of methods have been developed for measuring the starch
granule distribution. [5, 10] The main techniques used are Image
Analysis, the Coulter Counter method and the Low Angle Laser
Light Scattering method (LALLS). Another method for measuring
starch granule size distribution is the newly developed method of
Gravitational Field-Flow Fractionation (GFFF).[3,4,9,21]. These
techniques allow to acquire more information on this aspect of
starch. New data can then be utilized in breeding programs and
for assessment of specific lots of barley or other cereals.

With respect to study of the barley caryopsis structure and com-
position, future research trends in the following areas have been
outlined [11]:

B Identification of factors affecting and controlling the ratio of
large and small starch granules in barley endosperm with the
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aim to breed cultivars containing minimum amount of small
granules but maximum content of total starch.

B Identification of factors affecting the relationship between the
contentand distribution of small starch granules and mealiness
and malting potential.

Study of barley caryopsis proteom has followed the research of
the starch itself [6, 7] with the aim to describe composition of en-
zymes and izoenzymes, some of them are denoted as biochemical
markers of certain processes.

2 Materials and methods
2.1 Varieties

Starch granule size distribution was observed in the following set
of seven two-row malting varieties of spring barley [19, 19, 20]:
Akcent, Amulet (Selgen, CZ), Forum, Olbram (Monsanto CR,
CZ), Kompakt (Hordeum, SK), Scarlett (Saatzucht J.Breun, D)
and Tolar (Plant Select, CZ).

Seed samples were obtained from three testing stations of the
Central Institute for Supervising and Testing, Czech Republic
(CISTA): Vérovany (sugar beet production area), Pusté Jakartice
(sugar beet production area) and Krasné Udoli (forage produc-
tion area) (Table 1). Samples were graded and fractions above
2.5 mm were used for further observations.

2.2 Determination of starch granule size distribution by means of
the LALLS and GFFF methods

Determination of the starch granule size distribution was carried out
in two different locations. The Food Research Institute in Prague
carried out sample preparation and subsequent measurements of
starch granule size distribution by means of the LALLS method.
Sample preparation and starch granule size distribution by the
means of the GFFF method were carried out at the Institute of
Analytical Chemistry in Brno.

Already published methods were used for sample preparation
and measurement. [ 18, 5]. Starch granules were divided into two
groups. The starch granules with the size of 0—8 wm, with the peak
ofthe curve in the area of 3 pm were considered as the small starch
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granules (B). Those with the size of 8.1-100 um and the curve
peak in the area of 20 pm were considered as large granules (A).
This distribution resulted from the natural course of the bimodal
curve of the starch granule size distribution. The smallest amount
of starch granules was recorded in the area of 8§ pm.

The GFFF method is based on division of particles with the size
1-100 pm in the through-flow channel by means of hydrodynamic
and gravitation power. GFFF confirmed a bimodal distribution
of barley starch. The first eluted peak corresponds to A-granules
and the second to B-granules. This was also confirmed by light
microscopy. The ratio of the peak areas corresponding to A- and
B-granules can be used as a preliminary measure of the number
(or mass) when calculated as A/B ratios. It is important to note that
the determined value of the peak area ratio does not correspond to
any real ratio of A/B. This value only shows whether one sample
of isolated barley starch granules contains relatively more or less
of one type of starch granules in comparison to other samples.

The LALLS method is based on the analysis of light scattering
occurring when aray of monochromatic light falls at the boundary
oftwo substances with different refraction index. Results obtained
with the LALLS method are elaborated either in the form of dis-
tribution or cumulative curves. For calculations presented in this
publication we used cumulative curves which indicate correlations
of percentage volume of the given starch fraction and the size of
starch granules contained in it.

2.3 Statistical evaluation

The minimal significant difference (LSD t) was used for compa-
rison of the pair of varieties. Varieties among which statistically
significant difference (LSD T) was not proved are marked with the
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same letter (“a” to “e*) and they form a homogenous group.

3 Results and discussion

Literature presents various values of the starch granule size dis-
tribution [12]. These values were obtained from measurements of
various barley varieties grown under diverse conditions. Starch
was isolated with versatile techniques and different methods were
employed for the actual measurement of starch granule size. There-
fore, the data presented in the literature are very heterogenous.

Comparison ofthe achieved results with the data from other authors
(e.g. [12]) shows basically the same interval ranges of the starch
granule sizes in barley caryopses. The principal size fraction of
starch granules is given in the areas of 0—10 pm with the peak
round 3 pm and 10-30 pm with the peak round 20 um. But even
three size fractions of starch granules have been described in the
literature. For example in Hordeum distichum L., fractions of small
(2.3 pm), medium (7.5 pum) and large (20 um) starch granules
were detected. [22]

In the varieties studied in this manuscript, the minimum amount of
starch granules was found on the distribution curve at the value 8
pum. For this reason, this value was taken as a boundary between
the large and small starch granules.

Existence of differences in the content of large and small starch
granules in different varieties was described previously. [8, 15,
18]

Significant differences among 14 genotypes were found also in
some parameters of starch granules (surface area, volume, propor-
tion of A to total starch by volume, ratio B/A). Also environment
significantly affected the given parameters of starch granules [15],

which agrees with our results presented above.

Both methods separated the studied set of barley varieties
according to the ratio between large and small starch granules in a
similar way (Table 2). The varieties Akcent and Forum exhibited
the highest ratio of large and small starch granules. The varieties
Akcent and Forum differed statistically significantly one from
another and at the same time they differed from the remaining
observed varieties (Scarlett, Kompakt, Olbram, Amulet, and Tolar).
Proportions between the individual size fractions of starch granules
are likely to vary with respect to a species or variety. This has been
confirmed by a number of authors (e.g. [2, &, 13, 18, 22]).

Although the LALLS and GFFF methods are based on different
principles (light scattering x separation based on specific weight),
statistically highly significant correlation dependence (r = 0.782)
between their results was confirmed.

The GFFF method could be used by laboratories in barley bree-
ding industry for the assessment of ratio of large and small starch
granules from the endosperm of barley and other cereals.
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Appendix

Table 1 Descriptions of locations
Location Production region Altitude Temperature  Rainfall
(m) O (mm) Soil
Vérovany Sugar beet production region 207 8.6 605 Haplic Chernozem
Loamy soil (medium)
Pusté Jakartice ~ Sugar beet production region 295 8.0 650 Orthic Luvisol
Loamy soil (medium)
Krasné Udoli Forage production region 647 6.1 605 Eutric Cambisol
Loamy-sand (light)
Table 2 Multiple range analysis

for the ratio of large and small starch granules (LALLS)

for the ratio of peak areas (GFFF)

Varieties MQI n mean

AKCENT 9 3 3.65 a
FORUM 8 3 3.00 b
SCARLETT 7 3 2.56 c
AMULET 6 3 2.48 c
KOMPAKT 9 3 2.48 c
OLBRAM 7 3 2.46 c
TOLAR 5 3 2.37 c
Comments: LSD(t) (0,05) = 0.20846

mean values indicated by various letters
MQI - Malting Quality Index

Varieties MQI n mean

AKCENT 9 3 1.52 a

FORUM 7 3 1.33 b
KOMPAKT 7 3 0.85 c
AMULET 6 3 0.79 c d
TOLAR 8 3 0.75 c d e
SCARLETT 6 3 0.69 d e
OLBRAM 7 3 0.66 e

LSD(t) (0,05)=0.1145588
are statistically different (P = 0,05)




