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Introduction

Sweetcorn is a plant, the sowing area of which, both for the demand of the so-called fresh
market as well as for processing purposes in Poland and Europe increases systematically
(Waligora, 2005; Oktem et al., 2010). Interest in it results from both a high nutritive value of
a seed and a new form of its obtaining (Turgut et al., 2005; Walkowiak, 2005; Bakry et al.,
2015). The seed quality and physical properties of the corn seed depend on many factors
including fertilization (Wojcik, 2005; Zaniewicz-Bajkowska et al., 2010), and seed moisture
(Coskun et al., 2006; Karababa and Coskuber, 2007; Maoguo et al., 2015). A process of
mechanical cutting of sweetcorn seeds from the cob stems for consumption (canning, freez-
ing) in food processing plants takes place with traditional cutting devices. Obtaining edible
sweetcorn seeds during cutting it off from cob stems ensures considerably a high performance
at low expenditures of work at the expense of high losses of precious raw material (Brecht,
2004). In food processing from 1 kilo of cobs one obtains from 0.32 to 0.40 kilo of seed
(Warzecha, 2005). The average amount of seed cut off from cobs is 35-55% (Feibert and
Shock, 1996).

Mechanical influence of knives on the viscoelastic material that is cut off causes its rela-
tively high quantitative and qualitative losses. The reasons for that can be found in biological
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material (an irregular shape of cobs, close adjustment of soft, moist, and immature seeds to
each other and to cobs), its physical properties and properties of the seed cutter (exploitation
and structural parameters). Modern technologies of harvesting and separating seeds from
corn stems require knowledge on mechanical properties of cobs and corn seeds which have
impact on optimization of these processes and limitation of seed losses.

In many machines used in the food processing, a mechanical impact is a basic function
of working elements. Therefore, knowledge of material (raw material) properties on which
selection of the nature and intensity of these impacts depends on (mechanical properties)
(Ratajczak, 1994).

In cutting off sweetcorn seeds except for structure and mechanical properties influenced
by the chemical composition (sugar content) and performed technological treatments (e.g.
blanching), the moisture content is also significant (Wong et al. 1994; Ozlem et al., 2014).

Having this in mind an attempt was made to determine the impact of the selected me-
chanical properties of sweetcorn seed on the level of cutting it off from the cob stem.

The aim of the paper was to find and determine the level of correlation between the se-
lected physical properties of sweetcorn seeds and the level of cutting off the seed mass from
the cob stem.

Material and research methods

Sweetcorn cobs Candle, Shaker and Powerhouse cultivars were the research material.
Cobs with a prominent level of seeding, parallelism, cylindrical shape, and regular rows of
seeds were selected for research after cleansing.

Cobs for research were manually collected in the dairy maturity stage and with the seed
moisture within 76.4 to 77.8% in the first decade of September 2018.

Basic research concerning measurements of mechanical properties of seeds and level of
cutting the seed mass were preceded by determination of the characteristic of basic physical
properties of cobs and seeds (table 1).

The mass of 1000 seeds was marked pursuant to standard PN-R-74017 while the seed
moisture pursuant to PN-EN 1SO 6540.

Research on mechanical properties of a seed were determined based on the penetration tests
(Szymanek et al., 2004). These tests were carried out on a universal strength machine In-
stron 6022. For research, a steel penetrometer with a cylindrical endpoint with a diameter of
2 mm was used. The translocation speed of penetrometer was 50 mm-min-* while its load
was 100 N. From the graph of relations of force-deformation, the average values of F force
needed for penetration of the pericarp and corresponding deformation L were determined.

Resistance of pericarp to penetration was determined as a relation of the maximum force
of penetration to the cross-section field of the penetrometer:

_ B
Ry = Ag 1)
where:
R, - resistance of the pericarp to MPa penetration,
F, - force necessary to penetrate N pericarp,
A, — cross-sectional area of penetrometer, m?
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Table 1.
Characteristics of sweetcorn cobs
Specification Candle Shaker Cob mass, g
Cob macs Xar 3214 361.2 313.8
| s 17.2 15.4 18.3
X 19.7 18.2 194
Cob length, mm S 3.9 41 3.7
_ A X 49.2 47.4 511
Cob diameter”, mm S 09 1.2 1.1
Seed length, mm S 1.4 1.2 13
- Xr 36.4 40.8 40.1
Number of seeds in row, pcs. S 50 4.1 53
X 142 15.7 171
Number of seed , pes.
umber of seed rows, pcs S 5 33 3.2
X 301.1 285.5 240.6
Mass of 1000 seeds, g S 17.4 14.1 12.4
_ ] X 778 75.2 76.4
Seed moisture, % S 2.9 2.7 2.6
. . X 72.6 70.3 69.8
Biological performance of seeds, % S 1.8 2.1 12

X¢— arithmetic mean; s — standard deviation, * — measured in the central part of a cob

Schematic representation of the research stand and the method of measurement was pre-

sented in figure 1.

o

\

Figure 1. Diagram of the test rigs: 1 — strength machine Instron 6022, 2 — measurement head

3 — printer, 4 — plotter, 5 — computer, 6 — penetrometer

79



Mariusz Szymanek Wojciech Tana$

Since seedlings in the central part of a cob have a more regular shape and comparable
size, therefore they were the object of the research. A seed from the furthest parts of a cob
whose participation in the entire cob is small, was not taken into consideration. Measure-
ments were carried out for each variety on the test consisting of 60 seeds from 15 cobs.

Cutting of the seed from cob stems was carried out on the Corn Cutter SC -120 cutting
unit by FMC Food Tech for the standard rotational speed of the knife head 1600 rot-min-
and the linear velocity of the cob conveyor 0.31 m-s. Measurement was carried out on the
sample consisting in 300 cobs.

The level of cutting of the seed mass (Soq) Was determined in two stages. In the first stage
the participation of the mass of the cut off seed from the cob stem (Mog) was calculated ac-
cording to the formula:

M,; = (mpe—myr) | 100 (%) 2)
my
where:
mx  — cob mass before the cutting process (g),
m, - stem mass (after cutting off the seed (g),

And in the other stage the size was referred from the equation (2) to the biological per-
formance of the seed (Wy):

Soa = 2%+ 100 (%) ©)
Biological performance of a seed (W) was determined pursuant to the following formula:
W, = % 100 (%) )
where:
m;  —seed mass (g).

Biological performance of a seed for each cultivar was determined based on 30 cobs. A
manually husked seed as well as stems were weighed on the laboratory scale WPE 2000p
with precision of 0.1 g.

Such a course of calculations resulted from difficulties of collection of all cut off seeds
(which were partially scattered on the parts of the machine) and on account of the losses of
juices and solid fractions as well as from difficulties of determination which part of seed mass
remained on the stem.

One-way analysis of variance was used for statistical preparation of the research results.
Significance of differences between the averages that characterize the investigated factors
was estimated with the use of Tukey’s confidence interval at the level of significance of
o =0.05.

80



Impact of selected...

Research results and their analysis

One-way analyses of variance that were carried out for the force of penetration Fp, stress
Rp, deformation L and the degree of cutting seed Soq showed statistically significant varia-
bility between the investigated cultivars (table 2). The qualitative conclusion made based on
the basic Tukey’s confidence interval proved for all investigated values (fig. 2, 3, 4 and 5)
occurrence of significant differences between cultivars.

Table 2.
Results of the analysis of variance for investigated values

Average square Level
Specification of ?;urgres A(;egz%?ast?gﬁsre of deviations F test of significance
of the rest
Fo (N) 792,11 1368,11 32,57 24,32 0,0000
Rp (MPa) 80,34 138,76 3,30 24,32 0,0000
L(mm) 16,28 13,56 0,32 50,43 0,0000
Sod (%) 445,20 423,82 10,1 44,12 0,0000

Penetration force F, of the fruit seed coat was changing within the interval from ca. 21 N
(Powerhouse) to ca. 36 N (Shaker). Statistically significant difference was reported.
It corresponded to the difference of ca. 42%. On the other hand, between Candle a Power-
house was ca. 27% and Candle and Shaker ca. 19% (Fig. 2). The average values of R stresses
presented in figure 3 showed differences between Candle and Shaker cultivar of ca. 19%
Candle and Powerhouse ca. 27% and Shaker and Powerhouse ca. 40%. For similar relations
between cultivars differences in the average values of deformation L were respectively ca.
22; 11 and 31% (Fig. 4) and in average values of the level of cutting seed mass Seq ca. 5; 9
and 14% (Fig. 5).
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Figure 2. Results of penetration test for F, (N)
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Figure 3. Results of penetration test for R, (MPa)
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Figure 4. Results of penetration test for L (mm)
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Figure 5. Average values Sqq (%) for investigated cultivars

Table 3 presents results of the statistical analysis which determines the level of correlation
between mechanical properties of a seed and the level of cutting off the cob stems for partic-
ular cultivars.

Table 3.
Set of values of correlation coefficients between the investigated mechanical properties and
the degree of cutting of the seed mass

Sod
Size Coefficient of -
correlation P/|t|>to Significance
Cultivar-Candle
Fp -0.75 0.0032 X
Rp -0.71 0.0045 X
L -0.76 0.0024 X
Cultivar-Shaker
Fo -051 0.4501 -
Rp -0.57 0.3247 -
L -0.52 0.2743 -
Cultivar-Powerhouse
Fp -0.86 0.0024 X
Rp -0.82 0.0074 X
L -0.87 0.0012 X

X — significance; ,,-” no significance

The presented analysis shows that the correlation coefficients assume absolute values
within 0.51 to 0.87. The highest values of correlation coefficients were obtained for Power-
house culitvar and the lowest for Shaker cultivar. Mechanical properties of a seed of
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sweetcorn cob Shaker cultivar did not show any significant correlation with the level of cut-
ting off the seed from the cob stem. While Candle and Powerhouse cultivar showed statistical
significance and existence of correlation for all determined values.

Conclusions

1. The investigated cultivars are statistically significantly varied on account of the penetra-
tion force Fp, Ry strength, deformation L and level of cutting of seed Sqq.

2. Differences between the cultivars at the level of 42% for the penetration force Fy, ca. 27%
for strength R,, ca. 31% for deformation L and ca. 14% for the cutting level of seed Sqq
were observed.

3. All obtained coefficients of correlation are negative which shows that Seq raises along
with the decrease of value F,, Ry, and L. This relation may be justified with a smaller
plastic deformation of a seed and thus its smaller deformation during cutting. Cutting of
the bent seed causes a shallower cut on the opposite side to the leading edge of the knife
and thus the loss of a part of the plant material.
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WPLYW WYBRANYCH WLASCIWOSCI MECHANICZNYCH
ZIARNA KUKURYDZY CUKROWEJ
NA STOPIEN JEGO ODCIECIA OD RDZENI KOLB

Streszczenie. Przedstawiono wyniki badan jakosci pracy obcinarki ziarna dla wybranych odmian ku-
kurydzy cukrowej. Pomiary przeprowadzono przy predkosci obrotowej gltowicy wynoszacej 1600
obr-min i predkosci liniowej podajnika kolb — 0,31 m-s*. Stwierdzono istotny statystyczny wptyw
miedzy stopniem odcigcia masy ziarna, a wybranymi wlasciwo$ciami mechanicznymi ziarna. Zaobser-
wowano roznice pomi¢dzy odmianami na poziomie okoto 42% dla sity przebicia okrywy owocowo-
nasiennej Fp, okoto 27% dla odpornos$ci na przebicie Rp, okoto 31% dla deformacji L i okoto 14% dla
stopnia odcigcia ziarna Sod.

Stowa kluczowe: kukurydza cukrowa, odmiany, kolby, ziarno, jako$¢ odcinania
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