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PREFACE

The monograph was prepared in the frame of actifitiie Centre of Excellence for
Applied Physics in Sustainable Agriculture with d#e¥onym Agrophysics. The authors
are grateful to the"5sEU Framework for Research, Technological Developraad
Demonstration Activities, which founded the CenbfeExcellence and to dr. eng.
Andrzej Sgpniewski — coordinator of CE, who prepared thiggatoand is a person
responsible for contact with Commission of EU. e awe thanks and appreciation to
General Supervisor of the Centre - prof. dr. RysZarWalczak, a member of Polish
Academy of Sciences for the opportunity of editimgesented herein work. The
monograph is in the area of interest of Work PagléagPhysical Methods of Evaluation
of Fruit and Vegetable Quiality, leaded by prof.airg. Bohdan Dobraski, Jr., who is
also co-author of this work.

This is a book about sweet corn. Sweet corn beltmgbe species as a most
remarkable cereal graiZea mays L., or maize, or as it is better known in North
America, corn. Corn is one of the major cereal €rioghe world and its grain is used
in the production of cornflakes and other breakfastals, popcorn, and — in the form
of corn flour - for bread baking, but sweet corgriewn and sold as a vegetable. Sweet
corn cobs, cylindrical in shape, have lengths ot®2@5 cm. Beneath the cob husks
there are parallel rows of yellow-gold kernels hwdelicate threads running along the
kernel rows towards the tip of the cob. The kernels, witesand milky meat, have a
delicate skin. The harvest of sweet corn cobs keglmen the kernels attain moisture
content of 70-75 %. For processing purposes, cemelks are acquired in the process
of their cutting off corn cobs. Sweet corn is ahhigvaluable plant with almost
universal application in human nutrition. An img@ort feature of sweet corn is its lack
of gluten, which — with the increasing number obdoallergies — may have a
significant effect on its growing consumption. Increedemand may, in turn, result in
an increase in the area of corn sowing. The climatesoil conditions on most of the
territory of Poland are favourable for corn growirand therefore sweet corn
production can be successfully conducted all dwvecountry.

At present the production of sweet corn fully $etisthe market demand which is
low due to a lack of consumer habits. The scopssvekt corn growing in Poland is not
determined by economic reasons or by the productyacity of farms. The level of
production is determined primarily by the demand by the possibility of utilization
of the crops obtained. Barriers limiting corn praiilen include also a lack of well
organized national market for sweet corn as a ratemal and an insufficient level of
development of the processing and cold storagesirids.
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In chapter 1, the authors describes origin of sweet corn and dt®rac
significance, beginnings of sweet corn cultivation and the Wsrldading
producers and exporters of fresh and processed sweet corn. Raialroagzview
covers market trends and development, the market in majodsicers as France,
Thailand and Hungary. Production, supply and demand consumption and trade, as
well as, directions of use and nutritional value of sweeh d@rnels are also
presented. Agricultural requirements for sweet corn cultwatclimatic and soil
requirements, tillage and fertilization, sowing and plant ¢alf¢ chapter 2. In
chapter 3, readers can find characterization of sweet corn garietiuding: sweet
(sugary) varieties, varieties with increased (enhancediewbrof sugars, super
sweet varieties. As an example is shown Syngenta listradties such as: sweet
corn varieties, yellow, white and bicolor sweet corn hybrids smgersweets
hybrids, as well as, TripleSweet with comparison to others tiegieand
explanation what is a TripleSweet.

Sweet corn kernel structure, chemical composition, and sensdlitieguare
submitted in chapter 4. In chapter 5 are printed standardsiedimitions, test
procedures, estimation of physical and chemicalgsties of sweet corn. Mechanical
properties of sweet corn kernels, the methods of study under quasi-stditioos
at shearing, penetration and compression test, as well as studynamnic
conditions are presented in chapter 6. Energy consumptions, measurement of
kernel cut-off process efficiency and method for the measureohéiné degree of
corn kernel mass detachment are indicated as useful fangasurement of the
share of kernel fractions and kernel quality at cut-off process.

Methods of sweet corn cob harvest and sweet cdsnpoocessing technology,
corncob husking equipment, cutters and equipmentdtoff the sweet corn kernel
are presented in chapters 7 and 8. The effect mesiatime on quality, physical
properties and detachment process of sweet canelkdts quality and sugar content,
the effect of storage and blanching conditionshenmhechanical properties and on the
cutting process of sweet corn kernels, as welt#ting efficiency and kernel quality,
effect of cob blanching on the energy consumptind efficiency of the cutting
process are described in chapter 9. Postharvdastgd®ezing and handling of sweet
corn are separated in subchapter 9.3. Labour, aodteffects in sweet corn production
are included in Chapter 10. In Chapter 11 are stduirsome utilization ways (Baking,
Boiling, Grilling, Microwave) of sweet corn in humautrition and tips for preparation
of dishes with sweet corn kernel as a major ingrédiSummary and conclusions —
chapter 12. The monograph is decorated and equipjibdcolour photo appendix
(chapter 13), presenting sweet corn on the field,ad harvest and processing.

This monograph presents some methodological aspkthe grocess of sweet
corn kernel cutting off cobs, and studies focusedhe physical properties of corn
kernels that are important from the viewpoint ofria cutting, as well as studies
concerned with settings of the working parametersutters and their effect on the
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efficiency of the kernel cutting process. The moapr discusses also the
requirements of sweet corn in terms of tillage, ancharacterization of sweet corn
cultivars available on the Polish market. Also digsed are the methods of corn cob
harvesting and the techniques of cob processing),amnanalysis is made of the
mechanical process of kernel separation from cobscas well as an evaluation of
the effectiveness of the production of the cropPisland. Experimental studies
presented herein covered the determination of teelgahysical properties of sweet
corn cobs, and especially of the mechanical prigserdf kernels of cultivars
included in the studies, the effect of cutter pastams on the quality of the kernel
cutting, estimation of the suitability of particular cudtis and assessment of losses in
the process of kernel cutting, as well as the tieehmand technological aspects of
corn growing under the conditions of Polish agtiad, and the methods applied for
sweet corn cob harvest and processing, both witktioe to corn for direct
consumption and for the processing industry. Alsesgnted is an estimation and
analysis of the effectiveness of sweet corn pradocas determined by process
characteristics and by changes in the mechanicalepies of kernels and cobs of
sweet corn in the process of kernel cutting.

The study of the mechanical properties of corn dédsrmvas performed under
guasi-static and dynamic conditions. Tests of Kemdting, penetration and
compression were made with the help of an Insttmngth tester, recording such
parameters as force, energy, modulus of elastanitg,relative strain. Shearing force
and energy required to cut kernels off cobs wasrded up to the moment of
reaching the maximum values of force. Kernel cuttiify cobs under dynamic
conditions was effected on a test stand equipp#ddavkernel cutter. Studies on the
effect of the cutting rate, the cob feeder speatithe head rotary speed on corn
kernels acquisition efficiency were conducted ia grocess of kernel cutting off
cobs. The determinations included the energy consompmegree of seed cutting,
share of kernels of various sizes, and quality evh&ls obtained in the process of
cutting. The mechanical properties of corn kerrdd¢ermined in selected tests
proved the strong effect of limit values of the graeters as well as of kernel
orientation on the process of cutting. The ressiitswved that the speed of the cutter
head had a significant effect on the values ofd@ed energy, and on the efficiency
of sweet corn kernel cutting. Increase in the cutéad and feeder speeds resulted in
a drop in the unit process energy by an avera@®&%f (within the range from 92 to
40%), and in the share of kernels of poorer qualtybout 70% (from 81 to 66%).
On the other hand, increase in the values of thkimg parameters of the cutter
caused an increase in the mass of kernels acduratiout 40% (from 23 to 58%).
A positive effect of the depth of cutting was olvser (toward the cob axis), which
caused an increase in the cutting energy requitedhel cutting as close to the cob
core as possible results not only in an increasbdrkernel mass obtained, but also
in an increase in the sugar content in the kernes islasrn due to the fact that in this
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case the cutting involves also kernel parts with a high sument. Results obtained
in the course of the experiments showed that thieiegfcy of the kernel cutting
process may be increased also through alteratidgheotutter parameters, and the
results can be implemented in practice. Mathenlaticalels permit the explanation
of the effect of factors studied in the processarf kernel cutting off cobs and may
provide a basis for optimisation of the processhwinergy consumption and raw
material quality remaining as the primary criteria.

The level and quality of the crop yield are determined by the choice of cultivars
suitable for given site conditions, by optimum time of sowingpmal mineral
fertilization, and comprehensive protection of the plantation nagaieeds,
diseases and pests. Machines used in the cultivation, sowing and easzbcorn
are commonly available and generally used for the cultimadf fodder corn and
cereals. As to harvesting, corn cobs can be collected by hanecbanically, with
the help of trailer-type or self-propelled combines. The process of kerneltgapara
from cob cores requires the application of cutters. Hence thegwaf kernel
cutting is significantly dependent on the mechanical propertiestbf the kernels
and the cobs of sweet corn. The technological value of the keobé&déned
depends, in turn, on harvest techniques and technology and on cob processing.

The production of sweet corn can be relatively profitable, pravitie cobs
produced can be readily sold. High commercial risk is involvedcesdyein the
production of sweet corn for direct consumption. In production for indlstria
purposes, the success of the plantation is determined by sticis fas its location
within a reasonable distance from the processing plant aodrible contractual
terms and conditions. At the present level of profitability,réase in the
production of sweet corn, and therefore increase in the profitabilifarofs, is
possible if there is a growth in domestic demand and in access to nevismarke

Although other books on the harvest and technology of sweet corn have
been published, none is recent. Much new knowledge is contained in this
book. Anyone interested in any aspect of sweet corn reseamh an
development, marketing, utilization, etc., should find this monograph useful.
The editors, as representatives of the Centre of Excelleregyrateful to
each of the authors and reviewer. We also wish to thank the lastitut
Agrophysics staff - in person of prof. dr. Ryszard T. Walczak, member
Polish Academy of Sciences — director of the Institute and depiegtaoti
for scientific affair - prof. J6zef Horabik, for their advice, hefmd
technical editing.



INTRODUCTION

Corn as a plant is characterized by an abundance of forms vyt hi
differentiated features, both botanical and of utility character. Antegumerous
corn subspecies grown, sweet coreal mays ssp. saccharata) has become more
and more important. Its taste and nutritional value has madeatued crop in all
countries, and the scope of cron production is constantly increasing. Sweet corn has
been known since the T&entury. It is a corn subspecies that is mostly used for
consumption and is classified among vegetable plants. As tabbaydt arrives at
the fresh produce market for direct consumption, to thea find vegetable
processing industry for frozen and caned foods, and for indusiveggsing. It is a
crop plant and it is totally domesticized, with no wild growingetses to be found
anywhere. It is protected from self-seeding by the stromglatient of kernels on
the cob core and by the fact that the cob is enclosed araddayers of cover
leaves, rendering kernel shedding impossible [20,60,76,140,155].

Sweet corn requires the application of suitable breeding andsatign
measures. It cannot develop without human intervention. The soil andtel
requirements of sweet corn are similar to those of fodder. dmPoland it can be
grown over the whole territory of the country, with the exceptdrthe north-
eastern regions. It is the most popular in the south and east@fuhtry. The area
of corn growing increases systematically, and at present ammuatsout 3500
hectares. However, sweet corn consumption in Poland is still lavexaeeding 1
kg per person. A lack of tradition in sweet corn cultivation amusamption and
problems related with selling the produce constitute a barrbtoad expansion
of the valuable crop plant in this country [34,67,127,151].

Sweet corn is a preishable product that has tcelieeded onto the market in the
form of fresh cobs, or to processing plants inftwen of corn kernels for canned or
frozen foods, as soon after the harvest as possiltieis country sweet corn ripens in
August and September. To extend the supply seasarolbs for direct consumption
various measures are applied, including variedsiwiesowing, choice of cultivars
with different times of ripening, or soil coverimgth foil [7,39,73].

The climatic and soil conditions in Poland are favourable siweet corn
production. The fact that sweet corn provides valuable, tasty atithhéood for
people and fodder for farm animals makes the crop highly prospefttive
cultivation. It can be consumed throughout the year and used in the preparation of a
variety of dishes, thus improving the diversity of our diet. His tituation, the
possibility of extensive utilization of sweet corn as a vdgetandicates the
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advisability of expanding its production in Poland. It is also a known fact that it is
vegetable rich in proteins, vitamins, moicroelements and suguatstherefore
deserves greater popularity [34,73,143,148,152,153].

In receent years there has been an increase imummber of Polish farms
interested in sweet corn as a crop. This is relatdde appearance on the market of
new hybrids that provide good crop yields under dimate and soil conditions.
Average vyield of cobs with cover leaves are onlével from 12 to 18a’, with
kernel water content of 72—76%, while the yieldcobs may attain the level of 40—
60 thousand coltsi’. Current market availability includes over 40 hgibeultivars
of sweet corn that can be successfully grown mdbintry [1, 57, 68, 86, 145, 150].

In the technologies of sweet corn production used so far, in raess €obs
were collected by hand. Only in recent years there appeard&land high
efficiency combines for the harvest of corn cobs. Also the-&mi-vegetable
plants involved in processing sweet corn seed use better andtbekteological
lines for corn cob processing. Therefore, the continuing increageoduction
causes the search for new and more efficient methods fot saeproduction,
harvest and processing [14,91,92,95,96,129,147].

Sweet corn is the latest bred variety of the species [13%sIrecessive genes that
delay the process of transformation of sugarsstaach [67]. At present it occupies a
small percentage of cultivated land in this couif@yout 3000 ha) [153]. That is the
reason why it is often referred to as a vegetalts) ehough it belongs to the family of
cereal plants [151]. The plant, however, becomeseasingly popular due to the
sensory and nutritional values of its kernels [1%5].

In this country corn is not yet a plant with any greater econamportance,
but the situation is changing systematically [1]. The populafithe plant among
consumers increases, and the level of consumption is now at thefléve kg per
person. For comparison, in the United States and in Western Eurofsvéhef
annual consumptios is in the range of 10-15 kg per person [99]. Theshig
economic importance of sweet corn is observed in the United Skatexe and
Italy, and in Japan, Australia and Hungary. The production in thedJ8itates and
Canada covers about 75% of the world requirements of the processing industry

Increasing popularity of sweet corn in Poland causes a situatiere less and
less corn seed is imported from abroad, and more and more Paligsging
plants are involved in corn kernel separation from the cob cotese is also a
systematic increase in the area of corn cultivation. In spiteedfitreasing trends,
the popularity of sweet corn cultivation and consumption in riebles still
insufficient. One of the reasons for that is the seasonahatiearof the plant. The
period of the plant availability as a vegetable is shnd usually does not exceed
three weeks [140]. Sweet corn is a relatively new plafdiand, and increase in
its consumption depends not only on psychological aspects, but also on the
knowledge of the principles of its cultivation and utilizati{@®2]. In Europe the
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area of sweet corn cultivation has increased notably ovelaghelO years. Its
cultivation inder the European climatic conditions is charetdrby lower yields,
higher variability of cob shapes, and varied times of ripening [24].

For human consumption, sweet corn kernels are acquired wheretnfatlly
ripe [84]. In contrast to the physiological ripeness, such kearelsharacterized
by a high water content (above 70%) and have no defined so-callema]nanit
of separation”. The soft kernels adhere to one another vemiglas they do to
the cob core. Dynamic chemical and physical transformationggilace in the
kernels affect both the quality of the raw material and theggmoof their sheraing
off the cobs. The result of all this is the fact that the classic&ladstused for corn
threshing in the phase of full ripeness are not applicable fortdieparation of
sweet corn kernels [56].

Sweet corn seed acquisition for processing purpgbsesgh shearing involves high
quantitative (related to seed mass acquired) aatitajive (related to the content of
nutrients) losses. The requirements relating toqtiedity of corn seed shron include,
among other things, smooth shearing surface, esmgthl of kernels shorn, lack of
mechanical damage to the kernels, low reductiorse@d mass and nutrient content
(especially sugars), and lack of core fragmenrtisanmass of kernels shorn.

Depending on the cultivar, the efficiency of seed shearing off cobsly 35-
55% [38]. The reasons for this result both from the morphological hysigal
properties of the plant/cob itself, amd form the design and opeiameters of
the shearing machines.

Knowledge of the mechanical properties of sweet corn kernelbecaaluable
for corn breeders and producers, and for design engineers and progésstag
alike. It is all the more important since new foreign hybtilliears are continually
introduced onto Polish plantations [153]. The mechanical properties of coriskerne
reflect not only the technological value of the kernels, but tieir resistance to
the action of machines. Variability of the properties depends on a numberoo$ fact
that not always can be expressed in terms of absolute values.

Increasing interest in the raw material on the part of breegepducers,
consumers, and processing plants makes the plant a wirthy objechef &trdies.
Assessment of the effect of the fundamental mechanical piespef corn cobs
and kernels on the parameters of the process of mechanicahgledkernels off
cob cores may provide significant cues for the optimization ofptioeess, the
primary criteria of such optimisation being raw material ifqpadnd energy
requirements of the process of kernel shearing. For thesen® a study was
undertaken on the relationships mentioned above and on their effiée qoality
of the raw material [94].



CHAPTER 1

ORIGIN OF SWEET CORN AND ITS ECONOMIC
SIGNIFICANCE

1.1.BEGINNINGS OF SWEET CORN CULTIVATION

The origin of corn and the beginnings of its cultivation are now with any
degree of accuracy. The oldest findings and data on domesticatedatne from
excavations in Mexican caves. They indicate Central Ameend, specifically
Mexico, as the homeland of the plant. From Mexico it spread ontth Qanerica
(Chile, Peru, Bolivia) and then North America (USA and Canada).

Corn played an important role in the development of Mexican culture. It was an
object of beliefs and of a religious cult. Most of the lielig ceremonies had the
objective of increasing the yields of the highly valued planthéncivilisations of
the Mayas, of the Aztecs in Yucatan and Mexico, and of thaslie South
America, it was one of the most favoured foods [81,85,155,164].

Domesticated by Indians, corn went through a continuous process dfi@volu
Crossbreeding of a variety of varietys let to the formationooh types that were
similar to varietys grown at present times. It was thenRan Indians who were
the first breeders of sweet corn. From among several corn susp@eeet corn is
the one that is used as a vegetable plant [54,83,115].

The earliest references to sweet corn come from the year 1779ubsgecies,
namedZea mays ssp. saccharata, was isolated in 1820. The first breeder and
producer of seeds of hybrid varietys was Noyes Darling fronw Ntaven,
Connecticut. But it was not until the beginning of th& 2entury that sweet corn
production began on a larger scale. Although the plant had been known i Europ
earlier, but achieved a greater economic significanceaitdy World War II. Also
in Poland sweet corn got to be grown on larger areas towardsidhef ¢he 28
century [76,118,133,135].

In Poland, every year for over 10 years, the area of sweetcaltivation has
been constantly increasing (Fig. 2). At present, the area eft sam cultivation is
estimated at over 3 thousand hectares. In Europe the main esuntoducing
sweet corn are Hungary (39 000 ha) and France (26 000 ha). Signifeals of
production of the crop are observed also in Italy (3 800 ha), Spain (3 000 ha) and in
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Fig. 1. The major regions of sweet corn cultivation (seukaligéra H., 2004. Kukurydza jadalna-znaczenie
gospodarcze i rola sywieniu cziowieka. Forum ProducentowditoZbozowych, Kukurydzy i Rzepaku, 12-17.)

Fig. 2. Area of sweet corn cultivation in Poland

(source: Waligéra H., 2004. Kukurydza jadalna-
znaczenie gospodarcze i rolazywieniu
czlowieka. Forum Producentow Hio
Zbozowych, Kukurydzy i Rzepaku, 12-17.)

Israel (3 500 ha). The world record in this resgmdbngs to the USA (300 000 ha),
where sweet corn is a “national” vegetable [154%AUs the greatest producer and
exporter of sweet corn (Fig.1). Dynamic developmeinbreeding and production

caused that it has become a very important cropsamolw a ,hational vegetable”. Its

annual consumption in the USA exceeds 10 kg petecdfor many years now sweet
corn has enjoyed high popularity also in Europee Tshion for healthy food caused
that the attractiveness of the plant has beenregsitally growing also in Poland.



LEADING PRODUCERSOFFRESHAND PROCESSEBSWEETCORN 17

Table 1. The area of sweet corn cultivation in selectechtes [147]

Country Area of cultivation, (ha)
World 500000
USA 300000
Australia 40000
Canada 15
Brazil 15
Europe 100000
France 25000
Hungary 24000
Germany 7000
Israel 4400
Italy 3800
Poland 3500
Spain 3000
Finland 2000

The areas of sweet corn cultivation in selected countries are gesetable 1.

1.2.THE WORLD'SLEADING PRODUCERS AND EXPORTERS OF FRESH AND
PROCESSEDSWEET CORN

The world’s leading producers and exporters of fresh and processet corn
include the United States, Hungary, and Thailand. However, the sidge of
world processed sweet corn exports by quantity has been shrinkingheviast
decade, dropping from 70 percent in 1998, to 33 percent in 2003. Over the same
period, the U.S. share of world frozen sweet corn exports slipped50 percent
to 30 percent. In contrast, Hungary and Thailand’s shares of cannedoaed fr
sweet corn grew rapidly over this period. Furthermore, Hungestysurpassed the
United States to become the largest exporter of processed sweet corn.

France is the third largest sweet corn producer in the wOddned sweet corn
accounts for the majority of production of France’s proakssecet corn. Severe
heat, drought, and corn ear worm hurt the 2003 French sweet corn aap. A
result, 2003 French sweet corn production is estimated down @énpefhe EU-
15 was the fifth largest canned sweet corn exporter in 2008uiatiieg for only
about 5 percent of the world’s exports. Hungary's new membershiphiataU-25
will greatly augment the EU rank as a processed sweet oguorter since
Hungary is presently the world’s largest exporter of canned and frozeh cova.



18 ECONOMIC SIGNIFICANCE OF SWEET CORN

1.2.1.HUNGARY

Over the last several years, Hungary has grown from amifisant exporter
to the world’s largest exporter of processed sweet corn by tguaBti 2003,
Hungary acquired a 34-percent share of world canned sweet camseapd a 31-
percent share of world frozen sweet corn the expense of theshh®&. In 2003,
Hungary exported about 148,000 tons of sweet corn and close to 50,000 tons of
frozen sweet corn.

1.2.2. THAILAND

Thailand’s production and exports of processed sweet corn have grawityste
over the last several years. In 2003, Thailand ranked as thd'sveighth largest
sweet corn producer and the third largest exporter of canneet ern. In this
same year, Thailand acquired a 20-percent share (76,118 tonswafrtiecanned
sweet corn exports at the expense of the U.S. share.

Top Producers’ Shares of World
Sweet Corn Production

[OUEa ghiena gFrance gHUNgary @-Japan gcanada |
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1584 2003
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Source: Foad and &griculture Organization (FAD) of the United Nations

Fig. 3.World sweet corn productigt 74]
(sourcehttp://mwww.fas.usda.gov/scriptsw/attacher ep/default.asp.)
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Top Exporters’ Shares of World
Canned Sweet Corn Exports by
Quantity
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Fig. 4.World canned sweet corn exports [174]
(sourcehttp: /mww.fas.usda.gov/scriptsw/attacher ep/default.asp.)

Top Exporters’ Shares of World
Frozen Sweet Corn Exports by
Quantity
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Fig. 5.World canned frozen sweet corn exports [174]
(source:http: //www.fas.usda.gov/scriptsw/attacher ep/default.asp.)
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1.2.2.1 RAW MATERIAL OVERVIEW

Supplies of sweet corn in Thailand increased each year beti@3h and
2001. Attractive prices in 2000 caused sweet corn growers to expaird th
cultivating areas and other vegetable planters to switchwet corn. It also
increased the number of factories making sweet corn products.

However, in 2002, the situation became much gloomier. There eited
supplies all year because of a shortage of ATS2 seed a¢gheing of the year.
Levels of fresh supplies available in the market werg iew, increasing slightly
in March and April, which is considered a shorter period thamalu3he shortage
directly affected canned sweet corn factories, some of whickohaalt production
for a while. There were also some reports that sweet comeptaswitched to
cultivate other crops that gained a better price.

There was interesting news of the discovery of a new yaokesweet corn
seed - ATS3 - at the beginning of the year. ATS3 was developkrebgiing Thai
and US sweet corn. It is sweeter and larger and improvedsyi@l farmers. It is
estimated that fresh sweet corn production would reach only 180,000 tooie (W
cob weight) in 2002, despite a continued expansion in planted area in major
cultivating regions in response to the relatively more dt#ageturn from corn
contract farming as compared to sugar cane, the alternatipe amcording to the
report from USDA. The price of fresh sweet corn in 2002 was appabeiyn3-4
baht per kilogram, compared with 3 baht per kilogram in 2001.

Thailand has about 400,000 rai of sweet corn cultivating areasi @ 2.5
acres), and output is about 6,000 tons per year valued at 800nmnbkhht.
Accounting for 4 percent of global production, Thailand is now the fduighest
sweet corn producer in the world after the US, France and Hungaioh account
for 37, 17 and 14 percent of global production volume, respectively.

1.2.2.2 WEATHERWOES

Unfavorable weather and Downy mildew disease continued to be ddmina
problems for Thai sweet corn cultivation in 2002, directly affectirggvolume and
quality of supplies.

In March and April, there were some reports that high tempesatamne
drought damaged a lot of sweet corn supplies in main producing egsaking in
small vegetables with missing kernels. Weights were aaop Wwith 4-5 ears of
sweet corn needed for 1 kilogram, whereas in the past only 34veae needed.
Sweet corn plants need a lot of water to grow.

From May to August, Downy Mildew disease (Peronosclerosporgh8or
spread across the major growing areas in the Central Riaicth account for over
half of total production. The disease is a major threat ®esworn and occurs
every rainy and cool season as a result of humidity. The disess discovered in
August and many supplies were damaged.
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Farmers had to stop cultivation in that area for a whilease the disease. At
the end of the year, heavy rain and flash floods hit the madiinvating areas in the
north, including Chiang Mai, Chiang Rai, Nan and Lumpoon, which cover about
30 percent of total production. Worms also spread in some ardagyedamount
of raw material was damaged. Sweet corn farmers could oot their new crop
for a while because the land remained soggy.

1.2.2.3MARKET TRENDSAND DEVELOPMENT

Thai canned sweet corn exports are expected to be positiveefarekt 3-4
years, as US supplies appear to be poor quality and there cotihaeconcerns
over GM products from the US, the world's largest supplieanhed sweet corn.
As a result, non-GM canned sweet corn from Thailand is becomdmg attractive
due to the relatively cheaper export price.

There is another concern over US sweet corn. After the Seeteli terrorist
attacks, fears of anthrax have dented consumer confidence in Amsrjalres.

The Philippines and Indonesia are also competitors for, but theseiesure
of less concern as Thai sweet corn is considered better qUddayThai Ministry
of Commerce has warned Thai canned sweet corn texpdp declare production
certificates if they are shipping goods to Southrdg&o Otherwise, their products
could be charged a tariff rate of 50 percent, whdcburrently applied to processed
vegetables (Code No. 2008.99.9000). In fact, th@ogypiate tariff rate for sweet
corn (Code No. 2005.8.0000) is only 20 percent. fBason for the warning may be
traced back to a case in 1992 when shipments of Thai canneidcewedestined for
South Korea were detained on claims that Thailead o sweet corn cultivation.
Therefore, Thai sweet corn was put into the pramkbdeod category, which was
subject to a higher tariff rate. In order to resotkis problem, the Thai Ministry of
Commerce and the Ministry of Agriculture and Agrtaudl Cooperatives have since
cooperated to issue sweet corn production cettificdo exporters as proof of
eligibility for the lower import tariff.

Table. 2.Exports of Thai canned sweet corn, 2000-2[102!] (SourceFoodMarketExchange.com)

vear Export
Volume (tons) Value (million baht)
2000 25,868 625.85
2001 35,816 978.75
2002 57,442 1,581.82

The Thai Customs Department reported that the total export voluoannéd
sweet corn in 2000 was 25,868 tons. This increased to 35,816 tons in 2001 as a
result of increasing demand from foreign buyers. In 2002, Thailand exgport
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57,442 tons of canned sweet corn, an increase of 38 percent from 2001aifthe m
destinations for Thai canned sweet corn were the Republicofak Germany,
Argentina, Japan, China and the UK. In both 2000 and 2001, the maimatesti
was the Republic of Korea, accounting for 4,774 tons and 7,044 tong;treslge
However, in 2002 the main destination was the UK, which imported 10,558ftons
Thai canned sweet corn, up 58 percent from 4,451 tons in 2001. It isexkpeat
canned sweet corn exports will increase further as a result ofsimgeemand.

1.2.2.4THE MARKET IN 2003

The outlook for Thai sweet corn in 2003 continues to be positive, dueig st
demand from both domestic and foreign markets. However, tinfiessh supplies
in the market as a result of unfavorable weather will continue to be tatlebs

Source: FoodMar ketExchange.com

1.2.3.FRANCE

1.2.3.1 EXECUTIVE SUMMARY

France is the largest producer of sweet corn in Europk,8&itpercent of the
canned sweet corn production and 70 percent of the frozen sweet eductjgm
in 2002. However, in 2003, EU and French sweet corn production was geverel
damaged by drought and abnormally high temperatures. These cloadiitions
favored the development and infestation of the corn ear worm througfut
French sweet corn production area [176]. Production is expected md @ri
percent from 2002 levels. French sweet corn competes with Uh&i, ahd
Hungarian products in the EU and Russia. The favorable exchange tfzdb$.
dollar favored U.S. exports to Europe in MY 2002/03 and therdeali the 2003
European harvest may be a new marketing opportunity for U.S. products.

1.2.3.2 PRODUCTION, SUPPLY AND DEMAND

France is by far the largest producer of sweet icotime European Union. In 2002,
French production accounted for 85 percent of E@dusweet corn production, and 70
percent of EU frozen sweet corn production. Mégh® French production is canned, to
meet domestic consumption and export demand, whdefrozen market is limited.
Fresh sweet corn production is marginal, as consomjs almost non-existent in
France. The area planted to sweet corn was 294 80 2002, of which only 2,000 ha
were for fresh sweet corn production.

" Sweet Corn Annual 2003, USDA Foreign Agriculturar8ce GAIN Report No. FR3054,
Approved by: K. Seifarth U.S. Embassy, preparedwy. Hénard [176]
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Table 3. Export for selected countries of France cannedswo@n [MT] (Source: Eurostat)

Country 2001 Country 2002
U.S. 0 uU.S. 0
Germany 27432 UK 25873
UK 22773 Germany 22653
Spain 21288 Spain 20156
Italy 12481 ltaly 13363
Belgium 6336 Belgium 5195
Russia 4939 Sweden 3871
Sweden 4331 Denmark 2670
Switzerland 3417 Switzerland 2215
Denmark 2632 Russia 1746
Israel 1487 Austria 1200
Total for Others 107116 98942
Others not Listed 9562 9456
Grand Total 116678 108398

Table 4. France import of canned sweet corn from seleabedhtries [MT] (Source: Eurostat)

Country 2001 Country 2002
uU.S. 183 u.s. 148
Others Others
Germany 2367 Germany 2379
Thailand 1846 Thailand 2115
Netherlands 1119 Netherlands 1606
Italy 746 Spain 916
Spain 531 Italy 532
Canada 278 Canada 266
Total for Others 6887 7814
Others not Listed 392 232
Grand Total 7462 8194
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Table 5.French frozen sweet corn export trade matrix éected countries [MT] (Source: Eurostat)

Country 2001/02 Country 2002/03
u.S. 0 u.S. 0
Others Others
Belgium 5318 Belgium 5074
UK 5161 Germany 928
Germany 1258 Netherlands 766

UK 754
Total for Others 11737 7522
Others not Listed 1526 889
Grand Total 13263 8411

Table 6. France import of frozen sweet corn from selectaahtries [MT] (Source: Eurostat)

Country 2001/02 Country 2002/03
u.s. 71 U.S. 0
Others Others
Spain 1042 Germany 1610
Belgium 1620 Spain 1433
Netherlands 488 Belgium 1407
Total for Others 3150 4450
Others not Listed 1001 952
Grand Total 4222 5402

The 2003 French sweet corn crop was severely affected by drouwdlbly am
new pest (Heliolithis hermigera, or corn ear worm), whichsiefé 10 percent of
the plantings. This pest is usually found in African countries. Tlst fasors
extreme heat. The abnormal heat and drought of the summer 2003 fégored
development in France. As a result, French sweet corn producestirigated to
shrink 20 percent in 2003.
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The graphs below indicate that France has had a leading pasitioe sweet
corn market for a number of years:

EU Production of Sweet Corn
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Fig. 6. EU Production of sweet corn (source: Sweet Cornuah2003)
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Fig. 7.EU Production of frozen sweet corn (source: Sw@eh Annual 2003)

In France, there are 14 factories canning sweet tbat belong to the companies
Bonduelle, Conserves France, D'Aucy, and GreentGfaaant Vert). There are 7
plants freezing sweet corn: Aquitaine Surgelés,ddetie, D'Aucy, and LLS.
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1.2.3.3.CONSUMPTION

In 2002, 68 percent of French households purchaaaded sweet corn. The
number of buyers of canned sweet corn increasgutlgl(0.3%) from 2001 to 2002.

The EU per capita consumption of sweet corn (1.5 kg per yeanains
significantly lower than the U.S. per capita consumption of seeet (2.5 kg per
year). However, French per capita consumption is one of the highest in Europe.

1.2.3.4TRADE

France is a net exporter of sweet corn, and exports half giréduction,
mainly to Germany, the United Kingdom and Spain. In France and El@reh
sweet corn competes with U.S., Thai, and Hungarian products.

In MY 2002/03, French exports of canned sweet ¢orGermany, Spain and
Russia declined to the benefit of U.S. and Hungagigorts, due to the increasingly
favorable exchange rate of the U.S. dollar (seertdpR3026, 6/25/03). Similarly,
French exports of frozen sweet corn to Germanyrastkignificantly.

1.3.DIRECTIONS OF USE AND NUTRITIONAL VALUE OF SWEET CORN KERNELS

Sweet corn kernels can be consumed both as fresh produce and isquoces
forms. In practice, most frequently three basic directiontheir utilization are
distinguished [148, 149]:

— direct consumption - cobs harvested at milk ripeness of swesh-talled fresh-
produce market (approx. 20%);

— fruit-and-vegetable processing industry - cobs harvestedeamlt ripens of
seed, for pickles (approx. 70%) and frozen foods (approx. 10%);

— industrial processing - cobs harvested at full ripenessdf $ar flour, meal, etc.
(approx. 1%).

Sweet corn usually sets and forms from 1 to 2-3 cobs. Téwjth varies from
10 to 20 cm. The cobs are enclosed in several layers of cfidialy membranous
cover leaves. The edible part of the cobs is the kernels, located on comawes i
a dozen regular rows. The kernels contain amylodextrins which thegstserve
substance for the parenchyma and provide them with sweet Tastédkernels of
particular varietys differ in shape, colour, size, nutrienttexan and consistency
[71, 104].
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Corn kernels have a high nutritional value. They contain largeuats of
proteins, and most vitamins and microelements. They are also igcigars. Sweet
corn, used as a vegetable, is suitable for direct consumtitte kernels, at milk
ripeness, are soft and contain 74-76% of water. Moreover, karheéry sweet
varieties contain many sugars easily soluble in water (6=129¢h dietary and
energy value of the kernels (Table 7) causes that adultshddcen alike readily
consume them.

Table 7. Chemical composition and energetic value of swest in 100 g of fresh kernels [72]

Macroelements, (mg) B- Vitamins,
ka- (ma)
K P Mg Na ca ™" ¢ E B, B, PP
(1¢))
283 102 37 7 6 56 12,0 0,52 0,143 0,080 1,70
E\r/lzlrl?:tlc Protein Fat C;;btgtswy- Cellulose Energy with:
Protein Fat Carbohydrates
(k) (kcal)  (9) @ ()] ()] % % %
460 111 3,7 1,5 23,4 3,3 14 12 74

Valuable components of sweet corn kernels include also sucroelements
as selenium, chromium, zinc, copper, nickel and ironci@battention should be
turned to selenium which, together with vitamin E ghdarotene reduces the
metabolic activation of cancer genes and facilitates thexifieation of
substances harmful for our organism. A significant role &0 gblayed by
cellulose which accelerates the peristalsis of thestimes, facilitating the
passage of food consumed through the digestive system avetifig the
absorption of cholesterol and glucose concentration indbltlous displaying
antiatherogenic activity [72, 117,126].

Sweet corn, due to its nutritional and sensory values, constiénte@aportant
component of human diet all over the world. It is highly popular among the
vegetarians. Sweet corn kernels do not contain gluten, which nteanshey
occupy a significant position in gluten-free diet. The fundanher@mponent of
gluten-free bakery products and nutritive preparations for emldvith celiac
disease is flour from sweet corn kernels. It is a valuaéWe material for the
production of health food. At present, menus include various groups of dsthe
a content of sweet corn. The most popular are salads with ghiskeet corn
kernels. In turn, sweet corn seed of poorer quality is used forrféoiddomestic
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animals. It is a source of highly energetic fodder for fanimals, and especially
for poultry and for pigs [16,70,82,87,135].

The highest sensory value is that of kernels deltkat the early phase of milk
ripeness. Then the kernels are very sweet, temdesucculent. The highest content of
sugars is found in kernels in fresh cobs and irs ca yet fully grown. With delayed
harvest, the value of kernels notably deteriorateey become hard and mealy, and
their content of saccharose — which gives them their saset-tdecreases, while their
content of starch grows. This makes less suitediifect consumption. For cooking
purposes, in turn, the best are cobs in theirofufinal phase of milk ripeness. For the
purpose of extending the period of sweet corn Hhilitia for direct consumption,
freezing of whole cobs or of kernels is employedb<boiled-off and then frozen can
be stored for several months. This procedure idiat stopping the activity of
enzymes that cause the conversion of monosacchamigestarch and a change in the
kernels colouring [9,27,97,134,165].

The primary direction of sweet corn utilizationuising it as raw material for the
processing industry (Fig. 8). In this case, attitme of harvest sweet corn should be
in the phase of late-milk ripeness. Shiny yellowvbite kernels that have the highest
content of nutrients and a dry mass content ometred of 24—28% then characterize
it. In the course of industrial processing, presdrwcanned and frozen foods are
obtained. Corn products most popular on the Polistiket include sweet corn
kernels in sugar syrup, frozen mixes with otheretables, and meat and vegetable
canned foods in which one the components is svaeat[81,127,140].

Like under home conditions, industrial freezing of sweetn kernels is
preceded with the process of scalding. The freezing takes atahe temperature
of —40°C, and frozen corn is stored at the temperath@bout —20°C. Sweet
corn is frozen by numerous plants in Poland, among oth®rs the
Przedstbiorstwo Przemystu Chtodniczego in Po#n@POW Hortex inSroda
Wielkopolska, Cold Storage Plants in TayiKoszalin, bica and Wioctawek.
Canned foods and preserves of sweet corn are made, among; bth&ZPOW
Rajdimpex, Pudliszki S.A., ZPOW Kwidiay Dawtona Leszno, and by ZPOW
Zigbice [57,146].

The least popular way of sweet corn utilization Roland is the industrial
processing of ripe kernels into meal or flour. Tisigelated to the lack of hybrids
ensuring the obtaining of suitably low kernel moistunder field conditions and at full
ripeness, necessary for obtaining products of dpigttity.
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Fig. 8. Ways of utilization of cobs and kernels of sweand®9]

Kernel moisture during harvest at the phase ofni@olical ripeness should be
from 30 to 40%. Therefore, in Poland sweet corrdpetion for kernels is mostly
destined for direct consumption and for the fruitl asegetable processing industry
[34,128,145,152].



CHAPTERZ2

AGRICULTURAL REQUIREMENTS FOR SWEET CORN
CULTIVATION

2.1.CLIMATIC AND SOIL REQUIREMENTS

Sweet corn is a stenothermal plant that requires high isolatid appropriate
levels of moisture. Though a short-day plant, it displays photoperiedfmonse
lower than other subspecies. Temperature and precipitationsaet@sf that
determine correct growth development and yielding of corn. dRapid even
emergence of the plant requires temperatures above 10°C. lawggratures and
high moisture cause a delay in emergence and a drop in the engergendlso,
high soil moisture causes the decay of germinating seeds blatlvy ahd at high
temperatures. Optimum temperature from emergence till bfapimi2:27°C. In
the course of blooming, temperatures over 30°C, especially whelpirehnwith
low humidity, are harmful for the plants. Such conditions cause arilogv of
pollen vitality, which leads to a situation where not all tleevérs in a cob are
pollinated and then the cob is not completely filled with kernels [99,141,149].

Corn reacts to spring and autumn frosts. Ground frost, frequentandin the
period of emergence, retards the growth of young plants but doesuset tteir
wilting. More harmful are early autumn frosts that can caegewilting and even
kernel cracking. Once they happen, the plants should be harvestediataiye
The best temperature for harvesting sweet corn is18@. Then the
monosaccharides in the kernels transform into starch very sldtyduration of
the vegetation period of the plants depends primarily onrapaeature, insolation,
amount of precipitation, time of sowing, and on sail fertility. dolg cloudy and
dry years it can be extended by several to about a dozen dagmjparison to
years with warm, sunny and wet weather. Sweet corn grows bestaamditions
of good insolation, and therefore requires appropriate plant spaeingnit of area
of cultivation [74,76,138].

Water requirements of corn are high over the whole period of atigetand
amount to about 400 mm. Its well-developed bundle root system, mgadbep
into the soil profile, makes corn more tolerant of temporarytapes of water than
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other plants. The level of water requirement depends on the deelbphase of
corn. It is the lowest in the initial period of vegetation (appi®Q mm), and the
maximum coincides with the phase of blooming and cob setting (150-200 mm
During cob ripening, in turn, the demand for water decreases amghgsrio from

50 to 100 mm. The vyielding of sweet corn is negatively adfbdty strong winds
and hail, especially if they occur in the phase of blooming. Titvetic conditions

of Poland are suitable for sweet corn cultivation. The most fatdeiconditions in
this respect are to be found in the west and south ofdhetry, i.e. in regions
where fodder corn is grown for kernels.

Sweet corn is not a plant with excessively high requiremeitts respect to
soil. It can be grown on most soil types occurring in Polandefiians are
waterlogged soils, cold, very heavy, clay, dry sandy, and piedmontandtain
soils. Most suitable are fertile soils, rich in humus, with higkeweapacity, warm,
and containing available nutrients. These are chernozems, ddaitls, and loess
soils. The obtaining of high and good quality crop yields depends calde
exposition of the soil. Most favourable is south exposition, providiogd soil
warming in spring. Sweet corn is characterized by high degrasevnce to soil
reaction. The highest yields are obtained on soils with readise to neutral (pH
6.0-6.5).

2.2.TILLAGE AND FERTILIZATION

In crop rotation, sweet corn requires to be grown exclusivellggrmain crop.
The possibility of its cultivation is not restricted by the forecrop, the oniydiion
being that it permits prewinter ploughing to be made on timejngkee primary
tillage for the vegetable. The best forecrops for sweat eoe root crops over
manure, small-seed papilionaceous plants, and mixes of peymitious plants with
grasses, industrial plants, mixes of cereals and leguminous, plamiscereals.
Sweet corn does not like to be grown in monoculture. For phytogané@sons, it
cannot be grown on the same field with time intervals sho@n %45 years
[76,140]. Multiyear cultivation would result in depletion of microelemémis the
soil and in intensification of weed and diseases, which would haignédicant
deteriorating effect on the quality of the raw material.
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The fundamental condition for obtaining high and good quality crop yislds
careful and deep tillage. It should ensure proper loosening obihdasourable
air-water relations, and favourable thermal conditions. Forrdason, all tillage
measures, both autumn and spring, should be performed with speaal car
Preparation of the field for sweet corn culture should be begeadyl in the
preceding year, directly after the harvest of the forecrop [143].

The autumn tillage measures include:

— skimming applied after the harvest of cereals;

— prewinter ploughing to the depth of 25 to 30 cm (this depends on traepth).
In the case of shallow arable horizon, the ploughing should be makdeawi
subsoiler. Application of manure also requires that it is ploughed ovatuma.

The spring tillage, in turn, should include:

— early dragging or harrowing of the soil, which has to be tegeif the soil is
weedy or crusty;
— presowing cultivator tillage to the depth of 8 to 10 cm, with a string roller.

For soil preparation for sowing, it is advisable to use a éliagay composed
of a narrow-tine cultivator and two string rollers, one in front an€ after of the
cultivator. Spring ploughing, on the other hand, is not recommendedetilla
operation in sweet corn cultivation, as it leads to excess$iying of the soil. In
spring the soil should prepared so that corn seeds are placedoam depth in
loosened and warm soil layer, with easy availability of water and nutrients

The nutrient requirements of sweet corn are siniildhose of fodder corn, and
the plant makes good use of components availalbegamic and mineral fertilizers.
Fertilization is one of the factors that determihe level of sweet corn crop yields
and the quality of the crop. This in turn has aisiee effect on the level of selling
price that can be obtained for the product andctreaffects the profitability of
sweet corn plantation.

In the cultivation of sweet corn it is recommenttedpply manure, ploughed over
in autumn. That organic fertilizer provides thel seith the basic nutrients and
microelements. Manure dosage of 88t supplies the soil with about 120 kg N, 90 kg
P05, 180 kg KO and 50 kg MgO, out of which approximately. 30%nibfogen and
phosphorus and 80% of potassium are used in tlse ygar. Hence, manure
fertilization at lower doses and of poorer soilguiees supplementary mineral
fertilization. In most cases the dosage of mintndilization is related to the soil and
site conditions in crop rotation. Proper minerdalilfeation for sweet corn depends on
the sail fertility and should fall within the dogaanges shown below [69,76,88,140]:

—100-150 kg Ma*,

— 7090 kg ROsha?,

— 150200 kg KOha*,

—30-40 kg MgCha™.
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Thanks to its effectiveness, the combination ofaser fertilization with starter
fertilization is becoming increasingly popular. 8gfinition, the technology of starter
fertilization is used as complementary to the présg fertilization. However, new
forms of elements in modern fertilizers permit #mplication of a higher proportion
(or sometimes even the full dose) of the fertilimarether with seed sowing, without
risk of causing damage to the emerging plants. Wletarmining the dosage, it
should be kept in mind that the effectiveness aifftet fertilization is 25 % greater
with relation to surface fertilization. The conditi for the application of starter
fertilization is having a special combination dtiiat will ensure that the fertilizer is
placed correctly — minimum 5 cm beneath the seedt@nlle side from the corn
seeds. Care of proper soil reaction and regular analiyse#rient reserves in the soil
permit the application of precision ,crop-orientedfrtilization, avoiding
unnecessary traffic and the risk of deterioratiothe yield and quality of the crop.

Correct fertilization causes good enrooting of corn plants tae@ proper
development. It also improves their resistance to disease®iamnd significant
effect on the yield and quality of the crop. Sweet corn uptakesgiam and
nitrogen most intensively, while its requirements for phosphorusjuocaland
magnesium are notably lower. Potassium, exceptionally large amounts of which a
accumulated by sweet corn in its stems, is untaken mostiiregnsom the phase
of 5-6 leaves and in the phase of blooming. Then the rate of the uptake slows down
but the uptake continues up to the end of vegetation. Potassiimen®f results
in retardation of the growth of corn plants, poor kernel fillireduction in the
resistance of the plants to diseases and to difficult enveotah conditions,
increasing their susceptibility to lodging. Characteristic spmgt of potassium
deficit include the appearance of spots on leaf edges and dark gv®uring of
leaves. For best effects, potassium fertilizers should beiedppluring the
prewinter ploughing [34, 152].

Nitrogen uptake by corn is the most intensive ia phase of blooming, and
somewhat slower throughout the remaining phaséts oEgetation. Nitrogen uptake
by corn plants is related to the weather. At teripees below & it is very slow,
attaining the highest rates at temperatures of 2@-A.imited uptake of nitrogen in
early spring causes retardation of growth and yellowfrigaves of sweet corn, and in
later period affects the shape of the leaves. Deepme narrow, pale green, and tend
to wilt early. The result is low yield and poor tyaof the crop. Sweet corn
requirement for nitrogen continues until the endvefetation. Therefore, nitrogen
fertilizers used in sweet corn cultivation shoukl dharacterized by slow and long
action, like urea (carbamide) and ammonium sulphaed for alkaline soil
fertilization. The full dose of such fertilizers applied before sowing, e.g. under the
cultivator, which ensures good mixing with the soil — in the case of lighter soils —
the dosage can be divided. From 30 to 50% of tha ar ammonium nitrate dose is
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applied before the sowing, and the remaining matbp dressing in the phase of 5-6
leaves [69, 88, 140, 162]. That application shdildnade with the help of a drill hoe

with controlled-dosage applicator that ensures fentibpplication close to the rows of

plants, or by broadcasting over the whole soilemgfarea. The division of the full dose
ensures also favourable yield-enhancement effeatstly due to reduced losses of
nitrogen through its leaching from the soil.

Nutrient requirements of corn with relation to phosphorus are coabiger
lower than those for nitrogen and potassium. Phosphorus uptake isconeés
the most intensive at high temperatures. Lower temperatureSQxd2curring
during plant emergence and initial development cause a limitafipihosphorus
uptake. This in turn results in retarded growth of the plantiiciDef phosphorus
is evidenced as red discolouration along leaf edges. Phosphuilimfeon on the
required levels significantly affects the ripening of ghents, the development of
their root systems, and the degree of kernel formation.d@oshphosphorus and
potassium fertilizers should take into account the nutriegtiirements of the
plants and the so-called balance differences resulting fnenfettility of the soil.
The fertilizers should be applied once, in autumn with the prewimeghing, in
recommended doses. If manure fertilization is used, the dose® dértilizers
should be reduced by 30-40% [76, 152].

Calcium and magnesium are also important nutrients for swet Cafcium
deficit disturbs hydrocarbon transformations in corn plants, wiichanifested in
the form of leaf sticking. Calcium fertilizers must be apglin early spring or in
autumn, when soil pH is under 5.5. Average doses of calcium arelavéhef 1—

2 tha' CaO and should be supplemented with magnesium lime. Magnesium
deficit, in turn, causes disturbance during the period of blooming and tioltina

Its shortage is observable in the form of bright discoloratidmisgaleaf veins.
Indicative dosage of magnesium on soils with average levdisrtidity is 30—40
MgOha' [76].

The chemical fertilizer market offers also a breadctrum of multi-component
fertilizers that permit the application of suitalfirtilization in the cultivation of
sweet corn. The plant is particularly sensitivetiie deficit of iron, zinc, copper,
molybdenum, and boron in the soil. Therefore, thaliegtion of multi-component
fertilizers that, apart from the macroelements,o alsontain the necessary
microelements is highly advantageous. They alsocamré correct growth and
development of plants, their resistance to diseasebthe yield and quality of the
crop. Microelement deficits that may occur can éeified through plant spraying
with appropriate foliar fertilizers. Dosage exanspté selected Polish-made multiple
fertilizers are presented in Table 8.
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Table 8. Recommended doses of some multiple fertilizersfoget corn [140]

The kind of fertilizer Dose, (kga?)
Azofoska 250-500
Fruktus 1 400-600
Fruktus 2 250-500

Plon 800-1000
Mikro 800-1000

Application of the fertilizers presented above lssin good enrooting of the plants
and their correct development from the moment afrgance. It also has a beneficial
effect on the yield and the biological value of thep, and on the sensory values and
shapeliness of the cobs. Foliar fertilization @, in turn, as opposed to fertilization
with solid fertilizer forms, provides sweet cornthvsmaller doses of nutrients. The
leaves, thus reducing the degree of contaminatibrth@ natural environment,
immediately absorb these. In foliar fertilizatioh is important to observe the
recommendations provided in the instructions foivan fertilizer of preparation.

2.3.SOWING AND PLANT CARE

Under the climatic conditions of Poland, sweet corn sowing timerdis to a
considerable extent on soil temperature. Seed sowing should be begursaithe
temperature at the depth of 10 cm reaches the level of 10°@ridrgermination
of sweet corn seeds takes place at similar soil temyerabnditions. The time of
sowing varies depending on the region of the country. In southegisins it can
begin as early as 280" April, while in southeast from 30th April till 5th May
and in the remaining regions it begins from 10th May [142].

Earlier or delayed sowing times are also possible. Sweetseads sown at an
earlier time and into cold soil germinate more slowly, areensoisceptible to pests
and fungal diseases, and the emerging plants often die off asiltofground
frost occurring at the time. With delayed sowing one should expéaipain the
yield and the quality of the crop. To improve the thermal conditionsgseed
germination and the initial phase of plant growth we can emplogtgtian
covering with light polypropylene unwoven cloth, polyethylene foil, vath
bedding or mulch that decomposes under the effect of sunligimioobial
activity. This results in soil temperature increase by 2-&@ompared to non-
covered soil, thanks to which the time of corncob harvest magdaetesated by 7—
10 days [2, 101].
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When purchasing and sowing corn seed as sowing material, @itehiduld
paid to variety’s purity, high germination force and energy, and thityqoathe
seed. In the cultivation of sweet corn the crop yield is Igrdetermined by the
quality of the sowing material and by the varieties selectdien\thoosing the
variety to be sown, the duration of its vegetation period and tipeyield potential
should be taken into consideration. The choice of a variety withater
vegetation period reduces the risk involved in cob ripening anditgethe
obtaining of cobs of higher quality. Also early cob harvest timeesgthe
possibility of taking advantage of better weather conditionsaf getting a better
price for the produce. At present, advantageous effects arevedthiethe case of
cultivation of new generation varieties that are more registaspring chills and
do not respond so strongly to weather changes [7,39,76].

Sweet corn is an anemophilous plant and requires spatiaiosofeom corn
grown for fodder. A safe distance between plantations is assunissl 560 m,
with 300 m being the absolute minimum. Cross pollination of sweet glants
with pollen of fodder corn causes a decrease in the contentarssnghe kernels
of the former. Also, very sweet varieties need to be isdl&om normally sweet
ones. In this case the safe distance should be at least 300 suclasross
pollination leads to deterioration in the value of cobs [76,140,152].

Primary objective of sweet corn cultivation is tbtain 1 or 2 simultaneously
ripening and shapely cobs per plant. Thereforent@pacing cannot be too dense or
overly sparse. Excessive plant density causes ipledenfilling of cob tip section
with kernels, which results in a deterioration afiality of cobs for direct
consumption. Lower plant density causes that fretlpelants produce non-fully
developed, poorly kernel filled and later ripenisgcond cobs. Optimum plant
density for most sweet corn hybrids is 5-7 plargés gquare meter. For early
varieties a higher plant density is applied, argparser density for later varieties.
Plant density is also related to the soil-climatnditions. Under favourable
conditions a higher density is recommended, i.e.aftpim, and under less
favourable conditions — 5 plants/fi41,150].

In the case of sweet corn cultivated for ,mini” cobs, stedglbaby corn”,
two systems of their production can be employed. The first comsiafgplying the
normal plant density of about 54 thousand/ha. The upper cobs are kept on the stems
until the required phase of ripeness is achieved, and the niammadnes are
collected as ,mini” cobs. In the second, a higher plant densippsied, on the
level of 84-109 thousand/ha, and then all the cobs on the stems artecolis
.baby corn”. In this variant the yield of cobs without the cover leas@s be on
the level of from 900 to 1100 kg from 1 hectare [76,70].

The quality of sowing material, the optimum time of sowing ancgtheement
of seeds at the required depth in the soil all determineutheequent crop vyield.
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The depth of sowing depends on the type of soil and on the time ofgsd®n
heavier and colder soils, and with earlier sowing timegjssage sown at the depth
of 3—4 cm, while later sowing and on lighter soils is madaéedepth of 56 cm.
Before the sowing is actually performed, one should remember aleat sorn
seed dressing. Plants grown from dressed seed develop straoiggystems, grow
faster and are more resistant to fungal diseases. Sesihgrsisould be performed
immediately before the sowing, using pesticides against diseasess arsedtirds.

Under the conditions of field cultivation, seeds are sown byansieof
mechanical or pneumatic drills for single-seed sowing. Seed spactiagrow
should be 20-30 cm, with row spacing of 65—75 cm. Drills available omainect
and suitable for sweet corn sowing include the following: AetoEng8-row),
Aeromat 3 (6-row), SPC 6 M, Pneumasem DKV 6, Puma and Monosem. They al
ensure the required sowing density with uniform seed and row spddiage are
also sowing drills that, in a single passage, sow corn setd®r Sertilizers or
herbicides, and can cover the rows with biodegradable foil. tJpes of sowing
technique permits earlier sowing, improves the rate of emergence andsanstee
effective action of chemicals thanks to accelerated warming of the soil

In the case of sweet corn cultivation for direct consumgioimportant factor
is the obtaining of possibly early crop of cobs, which usuallyaquaes a higher
selling price. This can be achieved through corn planting fromilinge with the
help of disc or carousel planters. This method permits cob hawedseration by
1-3 weeks. However, when making the decision to cultivate sveeat foom
seedlings one should keep in mind that corn is not one of thosespkries that
easily regenerate damaged root systems. Therefore, tHmgeethould be grown
in pots with soil mixture with peat, and planted with sufficient care. Thibodetf
cultivation — due to the high costs involved — is recommended for sraathgibns
and in years with cold and delayed spring [75,76].

To achieve continuity of corncob harvest both for direct suppthé market
and for the processing industry it is possible to apply ssoasowing of seed
batches. Under the climatic conditions of Poland it is tprable to sow sweet
corn at weekly intervals from #0April until 20" May. Further extension of the
sowing period may lead to a considerable reduction in I¢vel of yield
achievable. In the USA, on the other hand, corn produceceedowith the next
sowing the moment when plants from the preceding batch ¢hose leaves.
That method ensures 10-14 day intervals between harfesth® from fields
sown in succession [53, 76,118].

Young seedlings of sweet corn grow very slowly and, due to the low
competitive capacity of the plants in the initial stagev@fetation, the plantation
may be prone to weediness. Plant care has to be exercised in@ppasures
aimed at destroying the weeds and ensuring air access toothsystems of the
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plants. In fields sown with sweet corn weeds can be destroyed bsihg
mechanical and chemical methods. Plantation weediness can ély laduced
through destroying the fore crop weeds, early prewinter ploughing tiauedy
performance of presowing and post-sowing tillage [144].

In the case of large plantations, mechanical crop cultivationsists in
harrowing the sown field with a light harrow and can be appliedinvthe period
from emergence to the phase of 2-3 leaves. During later plofsesgetation,
mechanical methods of weed control may prove hazardous and naffeatjve.
This kind of weed control is most frequently effected usimgjst for inter-row
cultivation and it ensures the destruction of not more than approkmi@#% of
the weeds. It also causes soil loosening, which has a posifieet on the
development of plants, as corn plants are sensitive to soil crustiegntertillage
is performed shallow, maintaining a distance of 10 cm from thetpka avoid
damaging their root systems. Soil loosening and weeding can liedappd
repeated until the plants cover the interrows.

A more effective method of weed control is the applicatioharbicides. Up
till now in Poland no specific recommendations have been formufatethe
application of herbicides in sweet corn growing. The producers, @mothe risk
and responsibility, frequently use herbicides normally appliegranving fodder
corn. This is a highly hazardous approach; as such preparations nm&yaha
negative effect on the content of nutrients in sweet camdts. Triazine
herbicides, containing atrazine and simazine as active agedtge the content of
monosaccharides and starch, and increase the content of nitrajgmoteins in
cobs [76]. In sweet corn growing, care is recommended in the afiphicof
herbicides, and the instructions and recommendations of theutastf Plant
Protection and of the manufacturers of the preparations must be observed.

Sweet corn gets attacked by a relatively low number dftinfes diseases and pests.
The most common diseases include mosaic and pleafisin, leaf sheath spotting,
seedling gangrene, corn blight, corn head nodasity,fusarian diseases of cobs, stems
and roots. Corn pests, on the other hand, inclutiet pyralidid, cereal frit fly, aphises,
wireworms, grubsnoctuid moths, and birds.

Leaf sheath spotting is one of the most common corn diseaseaymptoms
are small watery spots on the inner side of leaf sheaths. Dpirdgnged rainy
periods viscous bacterial mucus appears within the spots, and tlcers ocapid
decomposition of affected plant tissues and their decay. Funginiagan the soil
on residue of affected plants cause seedling gangrene. It sgpehe moment of
seed germination during cool and wet weather and delayed plant growth.

Corn head nodosity is also a fungal disease which intensifiesg dry and
warm summer. The disease causes the appearance of nodabmvadedlings,
panicles or cobs, resulting in their decay or disqualifying cadsnaterial for
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consumption or for processing. Introducing into cultivation correties resistant
to fungal diseases can restrict spreading of the diseaseerion of infectious
diseases is limited to sowing material dressing. For sweat protection against
diseases a variety of seed dressing preparations can be ugethenollowing
dosage per 100 kg of seed [76]:

— Maxim XL 035 FS — 100 ml/700-1100 ml of water,

— Sarox T 500 FS — 375 ml/750 ml of water,

— Vitavax 200 FS — 250-300 ml/250-300 ml of water,

— Suspension dressing Zaprawa T — 250 g/750 ml of water,

— Oxafun T 75 dressing: dry application — 200 gwet application — 250 g/1000

ml of water.

Millet pyralidid is a dangerous pest for sweet ckemels. The effects of damage
inflicted by the pest are considerably more serioer®e than in the case of fodder
corn. Larvae of the pest feed on the cobs, gnawitgy cob and stem tips. The
damage thus inflicted disqualifies the materialnfrprocessing and from direct
consumption as fresh produce. The pest spreadagdwarm summer periods.
Protective measures consist in deep ploughing wiiakes it difficult for the larvae
to last through the winter. In June the chrysalidiassform into butterflies and live
till the end of July. After 48 hours from hatchirtbey lay their eggs by night on the
underside of leaves. Larvae hatch within 3—7 days, feed in leaf sheaths and in
cover leaves of blooming corncobs. After the secondlitihey bite into the stem,
panicle or cob. Pest control in this case congistthe application of granulated
pesticides, e.g. Basudin 10 GR or Diazinon 10 GRIdees of 15 kba®, or in
spraying with the Karate ZEON 050 CS preparatioddses of 0.2'ha" during the
paniculation of sweet corn and after the appearahtee pest. The spraying acts on
all the development stages of the insects — eggsd, and adult forms.

Chemical control of millet pyralidid is justifieccenomically when 15% of plants
in a plantation are affected. The percentage oftplaffected from the moment of
paniculation can be determined by taking minimusaples of 20 plants each from
various points in the plantation. The sampling sihdne repeated. Sweet corn can be
harvested after three weeks from the applicatiospoflying. The most suitable for
millet pyralidid control on sweet corn plantatioage biological preparations, e.g.
Bactospeine WP 16000, Dipel 3,2 WP, Thuridan andti@hn cream [57].

Cereal frit fly causes retardation of growth and decay eflls®s. Larvae
feeding inside the stems inflict the damage. The pest papulgtows the best
during cool spring and may cause crop Yield losses of over 12%. Theagippliof
the modern preparation Karate ZEON 050 CS is recommended. linseat and
spinning mite extermination agent in the form of suspension of egsué liquid,
for dilution with water. The preparation has content and gastiimra and
exterminates biting and sucking pests. It is charactebigeslurface action when
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applied on plants. Plant spraying with the preparation is peeidwhen the third
leaf forms on corn plants, and the recommended dosage is 0.1 I/ha [76].

Wireworms are larvae of elaterids destroying sweeat coops. They appear on
fields where sweet corn is too frequent an element of cropiatalheir
population can be reduced through the application of deep ploughing, sod,limi
and seed dressing prior to sowing. Seed dressing against thedrd wireworms
can be made using the following preparations, in doses per 100 kg of seed:

— Gaucho 600 FS - 500-600 ml,

— Mesurol 500 FS — 1000 ml,

— Marshal 250 DS. dressing — 300-500 g.

In areas with abundance of wireworms, also preparations agplitte soil
should be used, in the course of seed sowing or after the emergence of plants:

— Diafuran 5 GR — 15 Kgg”,

— Furadan 5 GR — 15 kgi".

Birds, and especially crows, jackdaws, rook andegmg can also cause
considerable losses in sweet corn cultivation. Irgedn fields, they eat up
germinating seeds and damage emerging plants.drsitiation, in regions of high
hazard and extensive damage to sweet corn plamtatids recommended to apply
seed dressing with repellents, e.g. the Mesurol B80preparation in doses of
10 ml-kg" of seed. Such repellents are non-toxic or loweitxisubstances with
repelling action against birds and game.



CHAPTERS3

CHARACTERIZATION OF SWEET CORN VARIETIES

The choice of variety is one of the more imporfaators the determine whether
sweet corn production is a success. Populatioedfiwarieties have been largely
replaced in cultivation by hybrid (heterotic) varietiegated by man in the first half of
the 20th century as new forms of the crop planbridyvarieties spread less, produce
bigger and evenly ripening cobs, and are highddigig compared to the population
varieties. They are characterized by high sensoajitigs and are suitable for direct
consumption and for the processing industry allkey meet the requirements of the
fruit and vegetable processing industry in terms of hawimg delicate kernel skin and
kernels easy to separate from the cobs in whose thaskernels constitute 30-40%.
Primary differences among the hybrid varietiesudel the duration of their vegetation
period, content of sugars, and suitability for @as uses. Sweet corn varieties grown in
Poland are mainly foreign varieties, with a fewalycbred. The COBORU (center of
research on crop plant varieties) list of vegetaldats, compiled in 2003, includes 26
sweet corn varieties, out of which 3 are Frencnterican, 10 Dutch, and 6 are
Polish. The productive value of the varieties isedwined primarily by their yield
capacity and the earliness of their ripening.

Producers involved in sweet corn growing for direct consumption ame#ted
in obtaining a large number of well kernelled cobs. Those produsiegtsorn for
industrial processing expect a high yield of material swdtdbl processing. In
terms of the length of the vegetation period the following grafigorn varieties
are distinguished:

— early varieties (70-80 days),

— medium early varieties (85—90 days),

— late varieties (95-110 days).

Also important is the division of varieties with respecthe content of sugars
in kernels at the phase of harvest ripeness. With refetertbeir genetic features,
they are classified as:

— normally sweet, with the gepsu-1" (sugary),

— with increased content of sugars, with the gseé or ,se+” (sugary

enhancement)

— very sweet, with the gensh-2"(shrunken 2)
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Variety selection is an important consideration in sweet corn produgtid
includes factors such as sweetness, days to maturity, seed coloyietize
potential, and tolerance to pests. The Cooperative Extension Servigeciate a
list of varieties recommended for each region.

Table9: Sweet Corn Genotypes [177]

Genotype Sweetness Conversion of Isolate from Comments
sugars to starch

Moderately sweet Rapid (sh2) varietigéarly; g_ermmates n
cold soil

Normal sugary
(su)

Sugary enhance®&weeter than (su),
(se), (set) less sweet than (sh2

S\lot as rapid as (su) (sh2) varieti%isg; ) is sweeter than
Longest shelf-life;
germinates poorly in
cold soils

(su), (se) &
(se+) varieties

Super sweet or

shrunken (sh2) V&Y Sweet Very slow

(source: ATTRA - National Sustainable Agriculturddrmation Service http://attra.ncat.org/attra-
pub/PDF/sweetcorn.pdf

Modern sweet corn varieties are classified as: "normadrglidsu); "sugary
enhanced" (se) and (se+); and "shrunken" (sh2), also called "supet." These
differ in flavor and tenderness, and in the rate at which stateeconverted to
sugar. In general, (se) lines yield the best, followed by (sh2), and/figall

Cross-pollination of sweet corn with other kinds of corn or widme other
sweet corn genotypes can result in starchy-tasting kernefterélg, a minimal
isolation distance of 250 feet between those varieties or types is recaimdy 700
feet, however, is preferred for more complete isolation. TAldammarizes the
general characteristics of sweet corn genotypes, including sol&tijuirements.

The normally sweet varieties contain 4-6% of sugars ishfieernel mass,
those with higher sugar content from 6 to 8%, and the vemes varieties,
sometimes also called super sweet or extra swean Boto 12%. Another
criterion of division or classification of cucltivars iset colour of their kernels
which can be yellow (the largest group of varieties), whitellow-white
(bicolor) and red [17, 109,161].
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3.1. SWEET (SUGARY) VARIETIES

BONUS - a late hybrid variety, with a vegetation period of 1a¢sdCobs
with a length of approximately 20 cm and an average weight ofg2(l@ithout
cover leaves), are set on the stems at the height of 60 cinly Higitable for
freezing.

BOSTON - late hybrid variety (vegetation period of 100-105 days).
Characterized by strongly growing stems, resistant to memdiadamage and
reaching heights of about 200 cm. Cobs with a length of about 20 ciat, thet
height of 65 cm. Thanks to uniform cob size and their high keyiedd it is
excellent produce for both the fresh market and for processing. @othese
varieties have been bred by the Dutch company Syngenta Seeds [76].

GAMA - Polish-bred medium early hybrid variety. Vegetation pedab@&5—90
days. It forms shrubby plants with 1 or 2 high-set cobs of fumifor slightly
tapering shape with kernels located regularly in 14-18 rowsdiemwith good
taste qualities, suitable for direct consumption. Variety bretidnyiculture Plant
Breeding Station in Krzeszowice [76].

JUBILEE - late hybrid variety with a vegetationipdrof 105-110 days that for
years has been considered model variety for theepsing industry. Plants reach the
height of up to 220 cm, with cobs set at 70-80 Awerage length of cobs is 21 cm
and their diameter is about 4.5 cm. Recommendetirfect consumption. Variety bred
by the Dutch breeding firm Syngenta Seeds.

SMOLICKA — medium early population variety bred in Poland, cotterized
by a strong tendency of branching. Plants reach heights of about 150 cm. Cobs with
the length of about 19 cm are set at the height of 40-50 cm. Hbpecia
recommended for direct consumption [140].

SPIRIT — medium early hybrid variety with a vegetation ge:iof 90-95 days
and low sensitivity to spring cold. Plants reach the height76f cm and form
uniform cobs with a length of about 20 cm set at the height of 40-50 cm. Cobs with
large and very tasty kernels, suitable for direct consumpt®rwaell as for
processing. Variety bred by the Dutch firm Syngenta Seeds.

WAZA — late hybrid variety with a vegetation period of 110 days. Mean weight
of cob without cover leaves is 290 g, and its length — about 20 cm. Sgblom
stems at the height of about 65 cm. Suitable for direcswaoption and for
processing. Polish variety bred by Plant Breeding in Smolice [76].

ZEOTA KARLOWA — early population variety with a vegetationrioel of 90
days. Strongly branching plants with heights of 80—100 cm, formorg B to 5
low-set cobs. Cobs are small and slightly tapering, with altoteity kernel-filled
tips. Variety suitable for direct consumption and for multipkrvest of cobs,
Polish-bred by Plant Breeding in Snowidza.
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3.2. VARIETIESWITH INCREASED (ENHANCED) CONTENT OF SUGARS

ANAWA — medium early hybrid variety with a vegetation period9e95
days. Plants reach the height of about 200 cm. Cobs with a wéighOa after
removal of cover leaves, with a length of 18-20 cm and a diamiefecm. Very
high-yielding variety, resistant to diseases. Provides good material for
processing and good produce for the fresh market. Polish-bred byuttarg
Plant Breeding in Krzeszowice [76].

CHAMP - early and very high-yielding hybrid variety. Plant$hva height of
about 190 cm produce cylindrical cobs of a length of 19 cm, set at the height of 40—
50 cm. Yellow kernels in 16 straight rows. Caob tips are kertietifand covered
with leaves. Suitable primarily for canning and for kerne¢zing. Variety bred by
the Dutch firm Asgrow [140].

DALLAS — medium early hybrid variety. Tall plants of about 220, cm
producing cobs of a length of about 18.5 cm set at the height of 60 wentoD
strong tendency of branching, recommended mainly for growing in aldget
gardens. Kernels of good taste qualities, suitable for dimttumnption. Bred by
the American breeding firm Novartis [140].

EARLIBELLE-LEGENDE — very early variety with a vegedtat period of 70—
78 days. Weakly branching plants with average height of 160 cm. IKerheery
good quality in 14-16 rows on cobs of 19-20 cm in length. Cobs well filldd wi
kernels are slow to overripe and set at the height of about 5Recommended
for direct consumption and for processing. Bred by the Frenobdimg firm
Clause Semences [76].

ROYALITY — medium early hybrid variety. Plants reaching the heiglatbafut
200 cm, with cobs set at the height of 70 cm, with tendency to branahithg
considerable resistance to lodging. Kernels of very good quality onvetibhsa
length of about 19 cm. Recommended mainly for direct consumptiontwhared
by the Dutch breeding firm Pop Vriend Seeds [140].

SWEET LINCOLN - late hybrid variety with a vegetation peraddl05-110
days. Plants reach the height of about 220 cm and produce large cdbagihaof
about 22 cm and a diameter of 5 cm. Very high-yielding variety wirong
resistance to diseases. Provides good raw material for procassingod produce
for the fresh market. Bred by the Dutch breeding firm Syngenta Seeds [76].
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3.3. SUPER SWEET VARIETIES

CABARET — medium late variety with two-colour yellow and whidernels.
Plants reach the height of 190-200 cm and produce cobs at the herfghtiof
Cobs are 21 cm long and have slender kernels in 16—20 rows. Sémabieect
consumption as well as for frozen and canned products. Variety brtee Butch
breeding firm Seminis Vegetable Seeds [170].

CANDLE - very early variety with a vegetation periof 70—73 days. Very high-
yielding, also in cooler summers. Plants of averagight (150-160 cm), weakly
branching, produce cobs of a length of 19—20 crlioWekernels in 14-16 rows, with
cob tips well filled with kernels. Grown for thegeessing industry and for the fresh
produce market. Bred by the Dutch breeding firm i§snvVegetable Seeds [170].

CHALLENGER - early variety with a vegetation period of 78-days. Strongly
resistant to lodging, which facilitates cob harvd&dants reach heights of up to
220 cm and produce at least 2 cobs per plantstiteostems at the height of about
60 cm. Cobs are 21 cm long and well filled withngler yellow kernels in 16-18
rows. Suitable for freezing and canning of kerra#ld whole cobs. Variety bred by
the breeding firm Seminis Vegetable Seeds.

COMANCHE - early variety with a vegetation period of ab8dtdays. Very
high-yielding, also in cooler summers. Relatively short pléaite®ut 150—-160 cm)
and weakly branching, produce cobs of a length of 19-20 cm. Yellavelkein
14-16 rows, cob tips well filled with kernels. Grown for the preiresindustry
and for the fresh produce market. Variety bred by the Americaeding firm
Hortag Seed Company [76].

DICKSON - late variety with a vegetation period of 100-105sd&fants
produce cobs of a length of about 21 cm set at a height of 70 cm. eltaels in
16 rows, cob tips well filled with kernels. Suitable for direchsumption. Variety
bred by the Dutch breeding firm Syngenta Seeds.

ENDEAVOR - early variety with a vegetation period75—-80 days, with very
good taste qualities. Plants reach heights of over 200 drpraduce straight cobs of a
length of 20-21cm, set at a height of about 70 Yetiow kernels in 16-18 straight
rows. Cob tips, well filled with kernels, are tighenclosed with cover leaves. Cobs
can be left on the plants for a little longer, as sugars iketmels transform into starch
very slowly. Suitable for direct consumption ofdinecobs, for canning of kernels, and
for freezing cobs. Variety bred by the breedingpfiSeminis Vegetable Seeds [170].

EVEN SWEETER - variety with white kernels of very high @mtof sugars,
delicate skin, and ,crunchy” consistency. Plants are veryahbut 215 cm) and
produce cobs at the height of 75-80 cm. Cobs, 19-20 cm long, are made up of very
tasty, narrow and slender kernels in 18 rows. Perfect raw walafer the
processing industry [170].
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FRYGA — medium late variety with a vegetation perad 102 days. One of the
tall varieties whose plants reach heights of moae 225 cm. On the stems, cobs with
an average weight of 260 g, with a length of over 20 cm amdge diameter of 5 cm.
Highly popular both in the fresh produce market awitth the processing industry.
Polish variety bred by Plant Breeding in Smolicg] [7

GOLDA - late variety with a vegetation period 083210 days. Long and large
cobs are set at the height of 70 cm on the steraghiVof cobs without cover leaves is
250-280 g, and their length exceeds 20 cm. Suitadttefor fresh produce market and
for processing industry. Variety bred by the Duiokeding firm Pop Vriend Seeds [76].

INDIRA — medium late variety with a vegetation period of 98—10@dRlants
reach the height of about 225 cm and produce cobs 19-20 cm long and &bout 4.
cm in diameter, set at the height of about 70 cm. Rasistdodging and diseases
but has a certain tendency to branching, therefore recommended for dire
consumption. Variety bred by the Dutch breeding firm Pop Vriend Seeds.

LANDMARK - early variety with a vegetation period of 75-85 days
Germinates well in cool soil and is fairly tolerant of cabels during vegetation.
Plants reach heights from 180 to 200 cm. Cobs with a length of 19-2Jecsetar
evenly at the height of 55 cm and are well suited for mechlim&vest. Good raw
material for the processing industry as well as for direct consumgiori40].

MADONNA — medium early variety with a vegetatiorripd of 80—85 days. Plants
reach a height of over 200 cm. Cobs with averageHaf@0 cm are set at the height of
75 cm and are well suited for mechanical harvest. Bigalorels (yellow and white) are
evenly arranged in 16-20 rows. Suitable both feeatliconsumption and for the
processing industry. Variety bred by the breedimg Eeminis Vegetable Seeds.

NAVAHO — medium early variety with a vegetation iper of about 95 days.
Plants about 200 cm tall produce long cobs of 80ezm in length, at a height of about
70 cm. Kernels are very tasty and characterizedvdry slow conversion of
monosaccharides into starch. This permits extengiche harvest time and allows
cobs to be stored for several days without anybte@eterioration in technological or
sensory quality. Recommended both for the proagsidustry and for direct
consumption. Variety bred by the American breediimg Hortag Seed Company [76].

PINACLE — medium late variety with a vegetationipgrof 95-104 days. Plant
height is about 200 cm and cob setting heightdsia®b cm. Cobs with average weight
of about 400 g have length of 21-24 cm and diasiefeup to 5 cm. Due to its delicate
seed cover and sweet taste it is recommended for theofehiice market as well as for
the processing industry. Variety bred by the Frdmekding firm Clause Semences.

POKUSA - late variety with a vegetation period bbat 106 days. Cob setting
height is about 60 cm. Average cob weight is uplid g and cob length up to 22 cm.
Yellow kernels are arranged in 16 rows. Recommeffolethe fresh produce market
and for the processing industry. Polish-bred by dRdnsmet L.I. [76].
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PRIMETIME - late variety with a vegetation period 004005 days. Cobs with a
length of about 22 cm, set on stems at the heighibaut 75 cm. Yellow kernels, due
to their delicate fruit cover and sweet taste, meoended primarily for the fresh
produce market. Variety bred by the Dutch breefimySyngenta Seeds.

PUNCHLINE — medium early, very high-yielding vayietwell tolerant of the
hardships of transport. Tall plants of about 200 Cobs set at the height of 40-45 cm
have lengths of 17-19 cm. Pale yellow kernels aranged in 16-18 rows.
Recommended primarily for consumption, as welbagdnning and cob freezing [170].

SHAKER - very high-yielding early variety with a vegetatperiod of 80—85
days. Tall plants (about 210 cm) producing cobs 22 cm long, set aetpht of
about 75 cm. Gold-yellow kernels in 14-18 rows and well filling tthe of the
cobs. Cobs angled away from the stems which greatly féeditharvest, both
mechanical and by hand. Suitable for direct consumption, as wkil asb and
kernel freezing and for canned products. Classified among tiyevtageties. Bred
by the Dutch breeding firm Seminis Vegetable Seeds [76].

SHEBA — early variety with a vegetation period of 70-73 dagsmant height
of about 180 cm. Cobs with a length of 21-22 cm, well covered with teaees,
are set at the height of about 50 cm. Shapely gold-tinted kemafgyad in 14-16
regular rows. Highly suitable for the fresh produce market anprézessing. Bred
by the Dutch breeding firm Seminis Vegetable Seeds.

SHIMMER - very early high-yielding variety with a vegtbn period of 78—
80 days. Plants reach average height of 200 cm and usually produeecsibg!
high-set on the stems (about 75 cm). This makes the variety suitable fanmoat
harvest. Cobs are long (about 20 cm) and cylindrical in shape. a@pojoul
cultivation both for processing purposes and for direct consumptiaietyared
by the breeding firm Seminis Vegetable Seeds.

SWEET EAR — medium late high-yielding variety with a viagjen period of
90-100 days. Average plant height of 215 cm. Cobs 20-22 cm long and 400 g in
weight (without cover leaves), set on the stems at a heft#bout 65 cm.
Recommended for the processing industry and for direct consumptidaty\Vair
the French breeding firm Clause Semences.

SWEET NUGGET - very early and high-yielding variety withvegetation
period of 70-83 days. Plants reach average height of 200 cm anly psadlce
single cobs set on the stems at the height of 60 cm which niedkassuitable for
mechanical harvest. The cobs are about 380 g in weight and ver{2lb+28 cm),
cylindrical in shape. Popular among growers, both for processingoardirect
consumption. Variety of the breeding firm Agri-Saaten [76].

SWEET TROPHY - very early variety, resistant to lodginghvei very short
vegetation period (75-78 days). Strong plants produce large anfillegltobs of
a length of about 20-22 cm. Dark-yellow kernels set in 14-16 stragist Very
good material for frozen and canned products, as well as fat dimasumption.
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Yields reliably also under less favourable growing conditions.e#4adf the Dutch

breeding firm Seminis Vegetable Seeds.

TROPHY — medium early high-yielding variety withvagetation period of from

75 to 100 days. Plants reach average heights aft &®® cm and usually produce

single cobs high-set on the stems, which makes thetable for mechanized harvest.

Very long, cylindrical cobs. Popular among growershliot processing and for direct

consumption. Variety of the breeding firm RoyaliS[140].

YUMA — medium early high-yielding variety with a vegetatiperiod of about

95 days. Yellow-white kernels set in 12 rows on cob cores. Cobs wétiage

weight of 270 g and length of 20-22 cm. Plants reach average h&igho @m

and usually produce single cobs set at the height of 65 cm. Suitalbheé¢hanical

harvest and popular among growers both for processing and for direct

consumption. Variety of the American breeding firm Hortag Seed Company [76].

Sweet corn varieties can have kernel coulouring of yellow,ewhitd bicolor

(yellow and white kernels). The Polish market is dominated dojeties with

yellow-coloured kernels. Almost all the varieties are hybri#&), with the

exception of a few population varieties like e.g. Ztota Kart@v&molicka. None
of the varieties sold and grown in Poland are genetically modified (GMO
According to Warzecha (154), the main distributors of sweset seed in the

Polish market are the following companies: Syngenta Seeds Sp. z 0. GeiczR@a

n/Warsaw, Seminis Vegetable Seeds Polska in Warsaw |dfldrin Legionowo,

Plant Breeding ,Selecta" in PoznaVarieties bred in Poland originate from the

firms of Plant Breeding Smolice Sp. z 0.0., and HorticultuentPBreeding in

Krzeszowice Sp. z 0.0.

*  Seminis offers in its latest catalogue 7 varietiegery sweet corns2) and one
sweet varietydl), bred by the Dutch breeding firms Royal Sluis Asdrow. The
very sweet varieties are Candle and Sheba — eétitya vegetation period of 75-80
days, Sweet Trophy (+5 days), Challenger (+7 d&8agin (+7 days), Shaker (+8
days), Shimmer (+10 days), and a sweet variety Pouse (+10 days). The
numbers in brackets indicate ripening time witltreh to the Candle variety. The
most popular among corn producers are the variefleadle, Sweet Trophy,
Challenger — all three suitable both for processing arttiddresh produce market,
and Sheba — for the fresh produce market. The remainiigjes relatively newer
in our market - Basin and Shimmer — are suitabl¢hi® fresh produce market and
for processing, and Shaker — for the fresh prodoasket. Powerhauseauj is a
variety recommended for processing — for kernahicagrand whole cob freezing.

e Floralnd is a distributor of sweet and very sweeh varieties of the Dutch breeding
firm Pop Vriend Seeds. The best known in the Polisikehare medium late varieties
of sh2 type, Golda and Helena, with vegetation perioddotit 100 and 110 days. Both
varieties are suitable both for the fresh produasken and for processing. The varieties
combine high yield, excellent quality, great temte] resistance to diseases.
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» Plant Breeding Selecta offers sweet corn variefiethe American breeding firm
Hortag Seed Co. The best known in the Polish marketvo varieties from Hortag —
the early variety Comanche (sowing to harvest gepioabout 80 days) and the
medium early variety Navaho. Both varieties arthefvery sweet type and suitable
both for the fresh produce market and for processing. diigecharacterized by slow
transformation of sugars into starch, thanks t@lvharvest can be extended in time
(even up to 3 weeks, especially in the case of IMguaithout loss of technological
and sensory qualities. Variety Navaho has excetiaste qualities thanks to the
high content and suitable composition of sugardatie delicate skin.

- Plant Breeding Smolice offers the very sweet varietyg&rand the sweet
variety Waza. Both varieties represent high taste arthtdaogical qualities.
Variety Anawa, bred by PHRO Krzeszowice, has a vegetagdngof 86-95
days, is characterized by increased content of sugars (9-1@8oc¥lewer
transformation of sugars into starch.

* Syngenta currently has the largest share in th&ahfor seed of sweet corn type
,Su", used for freezing whole cobs and for canrard &ernels. The firm currently
offers the very early variety Spirit, with a vegetatioriqubof 90-95 days, Boston
(100-105 days), and Jubilee (105-110 days), as agelSweet Lincoln with
increased sugar contese) - 105-110 days. The Jubilee and Boston varieties
acknowledged European standards in canned corregsing. New offers of
Syngenta include the varieties GH 2041, Nemphid, Bold. All three of them
represent theg," type. Also available from Sygenta are some veret varieties
(sh2): Primetime (100-105 days) — for processing ingusind for the fresh
produce market, Dickson (105 days) — for fresh peedmarket, and GSS 9377
(110 days) — also for the fresh produce marketera sweet variety with strong
flavour. New offer of Syngenta in the group of very swesieties ¢h2) includes
GSS 5022 and GSS 3486 varieties — both of thenivediaearly.

3.4. SYNGENTA" SWEET CORN VARIETIES

In its present form, Syngenta is a young company. But it stems &mom
industrial tradition going back almost 250 years. Syngenta hasaal lmffer in
vegetables including tomatoes, lettuce, melons, watermelons, cus,mdigbage,
sweet corn, hot and sweet peppers, beans and oriental radighgenta has also
developed a variety of seeds, young plants and cuttings in a avige of flower
species have been developed for commercial growers. S&G® is a leadingdsrand f
vegetables in Europe, Africa and Asia and is further kndwoughout the world
for its high quality flower seeds and young plants. ROGERS® ibittwed name
for vegetables throughout the Americas [178].

“ Rogers/Syngenta Seeds, Inc. (Source: http://wvgensadvantage.com/products/corn.asp)
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3.4.1.YELLOW SWEET CORN HYBRIDS

Table. 10. Syngenta yellow sweet corn hybrids (Source: regydvantage.com)

Jubilee su - Superb eating quality, high yields and worldwid
consumer acceptance have made Jubilee the golthstifor
excellence.

v

Approx. Days to Maturity: 81

Average Ear Length x Diameter (in.): 8.5 x 1.8

Row Count: 16-20

Husk Appearance: Medium green.

Juﬁﬂee

Early Sunglow | Produces long ears early in the season helpinggdhe first to market
su with quality, locally grown sweet corn.

Approx. Days to Maturity| 70

Average Ear Length x Diameter (in})7.5 x 1.7

Row Count: 12-14

Husk Appearancg:Medium dark green.

Kandy King EH A mid-early variety renowned for its outstandintinepquality. Demonstrated
Homozygousse cool-soil emergence gives KK its early advantage.

Approx. Days to Maturity} 73

Average Ear Length x Diameter (in})8.5 x 1.8

Row Count:| 16-18

Husk Appearance:Dark green. Good flags.

Kandy Korn EH | Devoted followers easily recognize this varietytque burgundy husks.
Heterozygouse

Approx. Days to Maturity| 81

Average Ear Length x Diameter (in|® x 1.85

Row Count:| 16

Husk Appearancg:Burgundy coloring.

Tendertreat EH | Tendertreat's vigorous plants support their kirmgdiears, so your
Heterozygouse customers can get more for their money.

Approx. Days to Maturity| 87

Average Ear Length x Diameter (in|® x 1.85

Row Count:| 14-18

Husk Appearance:Medium green.

Golden Queen su | A widely adapted variety for home gardeners andside stand growers wit
eating quality reminiscent of Silver Queen.

h

Approx. Days to Maturity} 88

Average Ear Length x Diameter (in}8.5 x 1.8

Row Count: 12-16

Husk Appearance:Outstanding package.
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3.4.2. WHITE SWEET CORN HYBRIDS

Table. 11. Syngenta white sweet corn hybrids (Source: regkv@ntage.com)

Silver Princess Homozygouse - Grow Silver Princess and
enjoy the advantages of marketing ears with gratine
quality, early in the season.

Approx. Days to Maturity: 74

Average Ear Length x Diameter (in.): 7.5 x 2

Row Count: 14-16

Husk Appearance: Very good cover.

Silver King Homozygouse - In home garden and local
market plantings, Silver King has been repeatedtgah for its
superb eating quality in a product consumers wvailbgt of
their way for.

Approx. Days to Maturity: 82

Average Ear Length x Diameter (in.): 8 x 1.9

Row Count: 16

Husk Appearance: Medium green. Good cover.

Silver Queen

Silver Queen su - The most popular white sweet corn in
America because of its superb eating quality ardbwange of
adaptation. One of the few varieties consumersadky
name.

Approx. Days to Maturity: 88

Average Ear Length x Diameter (in.): 8 x 1.8

Row Count: 14-16

Husk Appearance: Outstanding package.

husk cover for this class.

Silver Knight Heterozygouse - A very early season variety with good ear lengghfill and

Approx. Days to Maturity} 67

Average Ear Length x Diameter (in|)® x 1.87.5 x 1.8

Row Count;| 14-16

Husk Appearancg:Very good cover.

53
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3.4.3.WHITE SUPERSWEETSHYBRIDS

Table. 12. Syngenta white supersweet corn hybrids (SouogeErsadvantage.com)

Boreal - Impressive Disease Package and Excellent TipAFil
mid-season fresh market variety suitable for shippi

Approx. Days to Maturity: 78

Average Ear Length x Diameter (in.): 8 x 1.8

Row Count: 14-16

| | Husk Appearance: Dark green. Good flags. Adequaterc

Tahoe - Cylindrical Ears with Good Tip Fill Suited for
commercial shipping. Tahoe has attractive earsateat
relatively cylindrical with good tip fill.

Approx. Days to Maturity: 81

Average Ear Length x Diameter (in.): 7.7 x 1.85

Row Count: 14-18

Husk Appearance: Dark green. Medium flags.

Whistler

Whistler - High Quality Ears and Maize Dwarf Mosaic Viru
Tolerance. A main season fresh market variety desidor
commercial shipping.

Approx. Days to Maturity: 78

Average Ear Length x Diameter (in.): 7.25 x 1.8

Row Count: 16-18

Husk Appearance: Medium green. Good flags.

Brighton - This hybrid retains the supersweet shelf life andetness, but has far superior
emergence even in cool soil conditions.TargetedHerDesert Southwest where ear length and
protection from sunburn is needed.

Approx. Days to Maturity} 80

Average Ear Length x Diameter (in[® x 1.8

Row Count:| 14-16

Husk Appearancg:Medium green. Good flags.

market requires.

Aspen - The only supersweet variety proven to deliver #elength that the Southern Californi

Approx. Days to Maturity} 82

Average Ear Length x Diameter (in|® x 1.8

Row Count:| 14-16

Husk Appearance:Medium green. Long flags

[
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3.4.4.YELLOW SUPERSWEETHYBRIDS

Table. 13. Syngenta yellow supersweet corn hybrids (Sourmgensadvantage.com)

In commercial plantinggrimetime has consistently delivered
reliable seed quality and uniform, vigorous stafalsa better
percentage of marketable ears.

Approx. Days to Maturity: 79

Average Ear Length x Diameter (in.): 8 x 1.75

Row Count: 14-16

Husk Appearance: Dark green. Good flags.

Prime Plus - A rust resistant variety delivering high quality
ears with excellent tip fill. Ideal for tray pac@s crates.
Approx. Days to Maturity: 78

Average Ear Length x Diameter (in.): 8 x 1.8

Row Count: 14-16

Husk Appearance: Dark green. Good flags.

Prime Plus

Wingtar is a full-season shipper with an exceptionallyanle
plant.

Approx. Days to Maturity: 82

Average Ear Length x Diameter (in.): 8 x 1.95

Row Count: 16-20

1| Husk Appearance: Dark green. Average flags.

Winstar
Krispy King - Extra-deep, sweet kernels typically fill each Kyidfing ear to the tip, adding to
this variety's appeal.
Approx. Days to Maturity} 78
Average Ear Length x Diameter (in|8 x 1.9
Row Count:| 18-20
Husk Appearance:Nice package.
Supersweet Jubilee- A hybrid with exceptional qualities. Refined swiator, smooth texture, and
tender pericarp make this a prized variety amongumers.
Approx. Days to Maturity} 83
Average Ear Length x Diameter (in|8.5 x 1.8
Row Count;| 16-20
Husk Appearance:Medium green.
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3.4.5.BICOLOR SUPERSWEETSHYBRIDS

Table. 14. Syngenta Bicolor supersweet corn hybrids (Sourgersadvantage.com)

Big Time Superior Bicolor with Savory White and Yellow
Kernels. A mid-season shipper that has producéualeesf
cylindrical ears. Excellent seed quality. Commaost mnesistant.

Approx. Days to Maturity: 78

Average Ear Length x Diameter (in.): 8 x 1.8

Row Count: 14-16

Husk Appearance: Dark green.
Medium flags.

Camas Exceptionally Sturdy Plant, Excellent Husk, & Shor
Shank. A full-season shipper with an exceptionaidst plant
and excellent husk cover.

Approx. Days to Maturity: 84

g Average Ear Length x Diameter (in.): 8 x 1.95

Row Count: 16-20

Husk Appearance: Dark green. Average flags.

Double Up

Double Up Early Bicolor with Good Tip Fill and Larger Ear
Size. Early shipper with consistent performancedgip fill,
and larger ear size than comparative varietiesoRetended
for growing conditions in Midwest and Northeast.

Approx. Days to Maturity: 73

Average Ear Length x Diameter (in.): 8 x 1.8

Row Count: 14-16

Husk Appearance: Medium green.

3.4.6.TRIPLESWEET® VARIETIES

3.4.6.1\WHAT IS A TRIPLESWEET®?

TripleSweet is a class of sweet corn that has 7G§arg enhanced (se) kernels and
25% supersweet kernels. TripleSweet varieties combinexteptional tenderness and
sweet corn flavor of se types with extra sweetreegended shelf life and field holding
ability. TripleSweet varieties deliver more coresigf longer lasting sweetness, even
under drought stress, making them ideal for roadsithrkets and local shipping.

TripleSweet is a registered trademark of a Syngérdap Company.
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3.4.6.2 TRIPLESWEET® VARIETIES

Table. 15. Syngenta triplesweet corn hybrids (Source: ragbrantage.com)

57

This variety provides strong built-in protectioraiagt damage by
European corn borers, as well as being a sigriifie&htool for the
control of corn earworms and fall army worms. Tafig the

TripleSweet varieties, the eating quality is ontiitsg with tender, swee
kernels.

Approx. Days to Maturity: 82

Average Ear Length x Diameter (in.): 8 x 1.75

Row Count: 14-18

Husk Appearance: Medium green.

Truly Superior Suited for local and roadside masketthe
Midwest and East, Avalon delivers a high quality iesabout
82 days. Consumers of white sweet corn are suiedo
Avalon's eating quality truly superior to all othehite se

types.

Approx. Days to Maturity: 82

Average Ear Length x Diameter (in.): 8.2 x 1.75

Row Count: 16

Husk Appearance: Medium green with limited flags

Providence

As an 82-day, main season variety, features loglgfiled slightly
tapered ears and medium-green husk. Suited faideashd local
markets as well as home gardens and noted fopégxseating quality.

Approx. Days to Maturity: 82

Average Ear Length x Diameter (in.): 8 x 1.75

Row Count: 14-18

Husk Appearance: Medium green.

Serendipity: TripleSweet Bicolor The variety that launched ThipleSweet family. A bicolor
with the superb eating characteristics for thellowarket.

Approx. Days to Maturity| 82

Average Ear Length x Diameter (in|)8 x 1.85

Row Count; 16-18

Husk Appearancg:Medium green.

Honey Select: TripleSweet Yellow The first yellow with the Trigbaveet quality. Outstanding
flavor for local markets demanding yellow hybrids.

Approx. Days to Maturity} 79

Average Ear Length x Diameter (in|® x 1.88.5 x 2

Row Count; 18-20

Husk Appearancg:Medium green. Good flags.
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3.4.6.3.(OMPARE TRIPLESWEETS

Table. 16. Comparison of various characteristics of sween txybrids

- . . .. Sugary Supersweet
Characteristics TripleSweet® Synergistic Enhanced Sugary (sh2)
Tender *% *k
Creamy ** * *% *
Expect Kk
Repeat Sales
Sweet but * *
Not too Sweet
Consistent *k
High Quality
Good * * * *
Emergence
Great Kk * Kk *
Corn Taste
Elevated * * *k%

Sugar Content

(Source: http://lwww.rogersadvantage.com/products/asp)



CHAPTER4

SWEET CORN KERNEL STRUCTURE, CHEMICAL
COMPOSITION, AND SENSORY QUALITIES

Sweet corn cobs constituting raw material for pssoey must be characterized
by the highest quality of kernels [60]. Kernel dtyals defined not just by the
chemical and sensory properties, but also by theharécal parameters of kernels.
This appears to fully justify joint consideratiohaldl those properties. Sweet corn is
probably a mutant of fodder corn [99]. Significalifferences between the two are
related more to the genetics than to the structiufeedkernels [155]. As emphasized
by Salunkhe and Kadam [118], the structure of thhedde is strongly related to the
genetic modification and to ripeness.
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Fig. 9. Schematic of longitudinal cross section of a swest kernel: 1 — pericarp, 2 — endosperm, 3 — germ,
4 — pedicel, 5 — aleurone layer, 6 — tube cellseficarp, 8 — mesocarp, 9 — cross cells [118]

Sweet corn kernel is built of the pedicel, the pericarp, ttieng and the
parenchyma (Fig. 9). The pedicel is a hard and fibrous remndhe dissue that
joins the kernel to the cob core [128]. During kernel shearipgytaof the pedicel
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remains on the kernel, which has a negative effect onuitstional value [118].
Kernel shape is described as flattened and wedge-like, kéttig much broader
than the base end by which the kernel is attached to the cob core.

The kernel is deep set on an abbreviated shoot (rachishfptie cob, and is
covered with a thin pericarp [99,134]. The pericarp is a component sé#tukecoat
tissue and forms the outer layer of the kernel. The thickness @fywedetermines
the kernel skin level of tenderness. This feature is impoitatite estimation of
kernel quality for processing. As compared to other varietiegets corn is
characterized by lower thickness of the epicarp, on avera@® @% [55]. The
epicarp is composed of a single layer of pericarp, in the eawiti which single
cells of the mesocarp are located. It also includes one oratyeos| of cross-cells
and one or more tube cells adherent to the pericarp. The germ, lobltgetly at
the base of the kernel, is large and constitutes about 15% oblinaesor 11.5-
14% of the weight of the kernel [25]. Germ size, however, lisvaurelated and
may constitute 5% of the mass of the whole kefb@6]. In turn, the parenchyma
is the largest element of the kernel. It is in the parenchiatathe sugars, starch,
and water-soluble polysaccharides are accumulated in. In the gfhemgsumption
ripeness, the consistency of kernels is soft, delicate, gremmd the taste is sweet
and fragrant [99,119].

The kernel seed coat has colours from pale yellow to oraftge,also with a violet
tint and shiny. In the genotype of sweet corn, tafpam the genotype of sweet corn,
except genau (sugary) gene determining the sweet taste anénaesbs of the kernel,
also other genes have been discovered, respofwileliehancing the sweetness and the
taste and utility qualities — the gemg(sugary enhancement) and the garagshrunken
2) [17]. Genetic combinations of the genotypeandsh2 helped in the creation of very
sweet cultivars [120]. In the phase of full ripesjeswveet corn has wrinkled kernels,
almost completely filled with vitreous parenchymagstly white or yellow in colour.
The reserve substance of the parenchyma is compdsaahylodexstrins which are
responsible for the sweet taste. The kernel hagbauls shape, oval, wedge-shaped or
angular, a smooth or wrinkled surface, and whetow, read or brownish colouring. It
is enclosed in a cover formed from fused pericathseed coat, beneath which there is a
layer of aleurone cells, the parenchyma, and the g@5]. From the moment of
pollination till harvest the cob of sweet corn ugges numerous physical and chemical
transformations which largely affect the taste tedquality of kernels [70]. The taste is
especially strongly affected by the transformatigfrsugars [133,160].

With respect to the content of sugars, three tygesweet corn cultivars are
distinguished: normally sweet cultivars, tyme(sugary), with sugar content of 4-6%,
cultivars with increased sugar content, tgpésugary enhancement) — 6-8%, and very
sweet cultivars, typah2 (shrunken 2) — 8-12% [153part from the content of sugars,
fresh mass of sweet corn kernels contains 2.1-éb@toteins, 3-20% of starch, 1.1-
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2.7% of fats, 0.9-1.9% of cellulose, 9-12 mg afviin C, small amounts of vitamins A,
B,, B,, PP, and mineral components such as: sodium,spotgsmagnesium, calcium,
phosphorus, iron, selenium, copper, nickel andmahnm [39,79,127]. The chemical
composition of the kernels is related to the weatbaditions, ripeness, and method of
storage [118]. According to data from the USDA [52& nutritional value of sweet corn
kernels is related to the content of water (72.28@) to the total content of solid parts
(27.3%). Solid parts include hydrocarbons (81%tqins (13%), lipids (3.5%), and
others (2.5%). Starch is the dominant hydrocarloomponent.

Sweet corn has the highest nutritional value in the phase ofipgélkess. With
progressing phase of ripeness, in the transition to the pliasaxoripeness the
content of sugars decreases, accompanied by an increase intdw obrstarch
[85,125,158]. In 100 g of kernels there is about 3.03 g of saccharine, 0.34 g of
glucose and 0.31 g of fructose. The content of saccharine ingreaskshat of
reducing sugars decreases as the kernels reach the optimunsgip@dle The
content of proteins in the kernels decreases from the surfaeedothe centre of
the kernel [131]. The content of proteins, free aminoacidservealuble and
insoluble hydrocarbons, increases up to the phase of wax ripenessheand
gradually decreases [11]. The amounts of the particular componeugsidus
cultivars and in various phases of ripeness variable. In coropadsother cereals,
sweet corn is relatively rich in oil. Approximately 90% of thikis accumulated in
the germ [82].

Sweet corn is more tasty than other corn species, thantshigh content of
water-soluble polysaccharides. That component imparts to thel&eheir tender
and creamy character. The most important parameters that Hffecsensory
quality of the kernels include sweetness, texture, and ta§2].[ Sweetness
depends on the content of sugars, while texture depends on a numaeto, f
such as tenderness of the seed coat, moisture, content of solatade
polysaccharides. Taste, in turn, is frequently associated kétitantent of DMS
(dimethyl sulphide) [109,158,161].

Decrease in kernel quality related to loss of taste and aromareftearvest is a
problem for the processing industry. The loss of taste in freBbamn state of the
kernels is caused by enzyme activity [27,136]. Fresh kernelstaracterized by
faint aroma or its total absence. Wade [139] states thakeruaels have three
characteristic types of aroma. Two of these are sindléing aroma of fresh green
vegetables, and the third is described by that author as al+tyg@roma. With
progressing ripeness of sweet corn, the level of DMS in e¢heeks decreases [9],
which is a serious problem for the processing industry due to dladed
considerable loss of taste of processed sweet corn products [158,162].

The consumption quality of fresh sweet corn largely depends asottient of
sugars and water-soluble hydrocarbons in the kernels [37]. The colktyeet
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corn kernels can be determined in many ways. The basic disaritmof kernels
for the processing industry is kernel hardness and tasie (8% of the most
important factors determining the quality of kernels for pssing is the use of
cultivars characterized by uniform ripening. The choice of aidtaffects not only
the yield of kernels cut off cobs, but also the taste qualitth@fkernels. Other
quality factors include the colour, sweetness, and tenderfidbhe &ernel cover
[97]. With ripening, the cover becomes harder and harder [21]. Thetygodli
sweet corn is correlated to the content of sugars [85]. Thsftranation of sugars
into starch is also related to decreasing moisture content of theski32gl



CHAPTERDS

STANDARDSAND DEFINITIONS, TEST PROCEDURES,
ESTIMATION OF PHYSICAL AND CHEMICAL PROPERTIES
OF SWEET CORN

The initial material for the study was made up Wgat corn cobs of one sugary
cultivar (Jubilee) and two very sweet cultivars lgha, Candle). Sweet corn cobs of
cultivars Jubilee and Helena originated from trenfation of the Institute of Plant
Breeding and Acclimatization (IHAR) in Radzikowo né&/arsaw, and those of
cultivar Candle from a private farm in ZajezierzeDglllin. The sweet corn
plantations were maintained in accordance withrthes of correct corn growing
techniques. The selection of the particular culiwaas based on their considerable
share in the structure of corn production for thecpssing industry, on the high
technological value of the cultivars, and on tipegsence on the register of new plant
varieties and cultivars. The selection of cultivéss the study was also consulted
with the IHAR. Large, uniform, cylindrical cobs aneiven rows of kernels
characterized the cultivars, apart from their reddy high technological value.

Cobs for the tests were acquired through harvediindhand in the phase of
processing ripeness (late milk ripeness). At thasp of ripeness the kernels contain the
largest amounts of nutrients, are shiny and easgparate from the cob cores [16, 104,
140]. Due to the considerable distance betweempl#rgations and the location of the
study, cobs collected for tests were stored, iricteaves and bagged, in a cold storage
room with constant temperature and relative hugnidifter cover leaves removal,
healthy cobs with dimensions and shapes characteristiggfeen cultivar were selected
for the tests. Attention was also paid to the cofases being free from damage by pests
and diseases, and for the cobs to be charactényzadigh degree of kernel filing and
good linearity. The shape of cobs and quality ohdéds of sweet corn may have a
significant effect on the results of the teststhgocobs selected had to be of a size close
to that characteristic for the cultivars studied.

Due to the fact that the study was conducted on a variety oftersds and
equipment, preparation of cob samples was adapted to the requbeofiethe
particular tests. The required number of measuremémtss determined on the
basis of the number of preliminary measuremantecording to the relation given
by Telejka [132]:
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2

t“"’az (no) 0

N >

where:
t,. — critical value of Student distributio read forn measurements and
significance level of = 0,05,
S.— standard deviation,
0 — required level of accuracy.

For each of the cultivars the determinations included:

— physical properties, i.e. relative moisture, length and wesghtob without
leaves, cob diameter, number of kernels rows and on kernelsin aiological
efficiency, weight of 1000 kernels, mean length of kernel in cob kank
density in repose, at similar level of kernel moisture of about 72%,

— chemical properties, i.e. the total content of sugars, content of sacclcardeat
of reducing sugars and of starch.

The biological efficiency was determined according to the formula:

m —
w, ="M nog (o) @)
k
where:
my — weight of cob without cover leaves (g),
m. — weight of cob core (g).

The weight of the cob and the kernels separated by handthe cob core
were determined by means of a balance type WPE 2000e. biological
efficiency was determined in a manner similar to thatliagpto the
determination of the share of kernels in the cob weighe only difference was
that here the hard fibrous pedicel was cut off from thedder Due to the low
nutrient value of the pedicels, their weight should notliert into account in the
determination of weight losses of kernels. The share wieke in the weight of
cob of a given cultivar was determined on the basis wfean value obtained
from measurement of 30 cobs.

The relative moisture of kernels was determined accordittgetbalance-drier
method as per the Standard No. PN-ISO 6540 [103]. Samples of moistskern
(100 g) were weighed on an analytical balance type WPE 2000p, andrigin
a drier type K, at 13, until constant mass was obtained. Moisture measurements
were made in 3 replications.
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Kernel moisture was determined according to tHeviag formula:

wz=""M 550 (%) 3)
mO
where:
m, — weight of kernels prior to drying (g),
my — weight of kernels after drying (g).

Bulk density of kernels was determined in accordanith the Standard No. PN-
73/R-74007 through pouring kernels freely throudjtes funnel, from the height of 100
mm, to a test vessel of 0.5 8in volume. After filling the vessel with kernelsich
sweeping off excess kernels, the vessel with kenwels weights using balance type
WPE 2000p. The measurement was made in 3 reptisatio

Bulk density of kernels was calculated from the formula:

mZ - mﬂ -
p=—t—" (kgm?) (4)
Vn
where:
m, — weight of the test vessel with kernels (kg),
m, — weight of the test vessel (kg),

V,,— volume of the test vessel {m

The determination of the weight of 1000 kernels weasle in accordance with the
Standard No. PN-68/R-74017. Random selected 106@I&ewere weighed using a
balance type WPE 2000p. Measurement of the wefgh®@0 kernels was made in 3
replications. The dimensional parameters, i.e.léhgth and diameter of cobs, were
determined using a ruler gauge and a slide calipeb diameter was measured in the
middle of the cob length. Cob weight was determirgiag balance type WPE 2000p. Cob
weight values for a given cultivar were determinedthe basis of mean value from
measurements of 30 cobs. Measurement of the ittt of sugars was made in
accordance to the DNS method, following the perfmea of acid hydrolysis according to
the Standard No. PN-EN ISO 10520:2002. Reducingrsugere determined prior to the
hydrolysis, with the help of the DNS method. Starchtent was determined through the
difference between the total content of sugarstlamdontent of sugars soluble in ethyl
alcohol (40% vol/vol) in accordance with the Stadddo. PN-EN ISO 10520:2002. The
content of saccharose was determined thoughtfiieedce between the content of sugars
soluble in ethyl alcohol and the content of redyisingars.

In the course of reducing sugars content determinattorthe DNS method, 0.5 ém
of the tested solution and 1.5%tof 3-5-dinitrosalicylic acid (DNS) were added taeat
tube, and then boiled for 5 minutes in a bath difgovater. After cooling down, 6 ctof
distilled water was added to a total volume of 8 and the extinction of the sample was
read against a reagent assay at a wavelengtix &50 nm. The results of the extinction
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measurement were referenced to the model curvetrieaition of the content of sugars
and starch was made with reference to the dry mbdernels. To determine the
distribution of the content of sugars in the kerinel kernel was divided into three sections:
1 — lower, 2 — central, 3 — upper. The measurenvegis made in three replications on
100-gram samples.

Analysis of variance showed that both the phygicaperties (Tab. 17) and the
chemical properties (Tab. 18) were significantlffedentiated. The relatively high
biological efficiency of the cultivars studied igparietal feature of sweet corn grown
for the processing industry.

Table 17. Physical properties of cob and kernel of sweet cor

Variety
. . Jubilee Candle Helena
Physical properties
2002 2003 2002 2003 2002 2003
Cob mass, (9) 3215 3205 326,2 332,1 347,3 363,6
Cob length, (cm) 19,5 214 21,3 19,8 22,5 21,7
Cob diameter, (cm) 4.7 5,4 4,7 49 4.8 4.7
Biological Yield, (%) 70,1 70,5 69,8 71,0 67,4 69,8
Bulk dens. (kgn?) 648,7 617,2 657,4 612,2 601,2 575,5
Moisture, (%) 73,5 72,4 73,5 76,4 74,8 76,7
Approx. number of kernel in row 29,6 28,4 38,4 436, 39,5 36,2
Number of row 15,2 15,3 12,6 14,2 16,8 14,5
Table 18. Chemical properties of kernel (g-100 g d)m
Variety
Chemical properties Jubilee Candle Helena
Sugar contents 10,7 13,6 9,4
Saccharose 15,6 3,8 8,0
Starch 6,9 10,3 14,6

The lower sections of kernels (Fig. 10) that inaigrse of processing are usually not cut off from
cob cores are characterized by relatively the bigtmntent of sugars.
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Fig. 10. Sugary content in kernel (g-100 g d)m
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5.1. UNITED STATES STANDARDS FOR GRADES OF SWEET CORN FOR PROCESSING

Agricultural Marketing Service Fruit and Vegetalidvision Fresh Products
Branch of United States Department of Agriculturepared in May 15, 1962
(Reprinted - January 1997) Standards 51.3365 U.S. No. 1. and 51.3366 U.S. No. 2.
for Grades of Sweet Corn for Processitigd]. Compliance with the provisions of
these standards shall not excuse failure to comlly the provisions of the 1
Federal Food, Drug and Cosmetic Act, or with agilie State laws and regulations.

CuLLSs
51.3367 Culls.

MATURITY CLASSIFICATIONS
51.3368 Maturity classifications.

DEFINITIONS

51.3369 Similar color characteristics.
51.3370 Fresh.

51.3371 Damage.

51.3372 Blister stage.

51.3373 Milk stage.

51.3374 Cream stage.

51.3375 Dough stage.

51.3376 Hard stage.

51.3377 Serious damage.

APPLICATION OFSTANDARDS
51.3378 Purpose of standards.

GRADES OFSTANDARDS
51.3379 Grade and maturity determination.

GRADES

§51.3365 U.S. No. 1.

(a) "U.S. No. 1" consists of ears of sweet corn of singlaor characteristics
which are fresh and free from damage by freezing, cross plnaenting,
worms, birds, fermentation, smut or other disease or other meamgl¥en
each ear shall be developed beyond the "blister stage", bilitnshahave
reached the "hard stage" of maturity. (See 851.3379.)

*

United States Standards for Grades of Sweet CorArficessing 1Grades (51.3365 U.S. No. 1. and
51.3366 U.S. No. 2., 1962 (Reprinted by Unitededt&@epartment of Agriculture - January 1997)
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(b) Unless otherwise specified, each ear shall have ssttihen an average of 4
inches of the cob covered with undamaged kernels, in addition tgaod,
kernels which would necessarily be lost in the usual methodnafing to
remove damaged kernels.

§51.3366 U.S. No. 2.

(&) "U.S. No. 2" consists of ears of sweet corrirafiar color characteristics which are
fresh, free from damage by freezing, fermentasomit or other disease, and free
from serious damage by cross pollination, dentivgyms, birds or other means.
Kernels on each ear shall be developed beyondblistet stage"”, but shall not
have reached the "hard stage" of maturity. (S€&L23879.)

(b) Unless otherwise specified, each ear shall have ssttihen an average of 3
inches of the cob covered with kernels which meet the requirenoéni.S.
No. 2 grade, in addition to any good kernels which would necesbarilyst in
the usual method of trimming to remove damaged kernels.

§51.3367 Culls.

"Culls" consists of ears of sweet corn which fail to triee requirements of U.S.

No. 2 grade.

851.3368 Maturity classifications.

In addition to the grade classification, a lot of sweet corn beyglassified for

general overall maturity in terms of one of the following maturigsifications:

(a) A-1: Includes ears in the "milk stage" or younger, mora ttaf of which are

in the very tender early "milk stage,” and none of the remaiotlavhich are

bordering on the "cream stage."

(b) A-2: Includes ears in the "milk stage" or younger withmore than 5 percent

bordering on the "cream stage."

(c) A-3: Includes ears in the "milk stage" with more than E¢m@ bordering on

the "cream stage."

(d) A-B: Includes ears generally in the "milk stage" withiol110 percent in the

"cream stage."

(e) B: Includes ears mostly in the "milk stage" with mtiran 10 percent in the

"cream stage."

(f) B-C: Includes ears generally in either the "milk"tlbe "cream stage" with 1 to

10 percent in the "dough stage."

(g) C: Includes ears more than 10 percent of which are in the "dough stage."

DEFINITIONS

851.3369 Similar color characteristics.

"Similar color characteristics" means that the kernelshe ears of corn in any lot
are of the same general color.

851.3370 Fresh.
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"Fresh" means that the ear does not show evidence of drynesexXmmssive

elapsed time after picking or from other causes.

§51.3371 Damage.

"Damage" means any specific defect described in this seatiorgn equally

objectionable variation of any one of these defects, any othectdedr any

combination of defects, which materially lowers the processintityjoé the ear.

The following specific defects shall be considered as damage:

(a) Freezing when color, texture or flavor of tleerels has been materially affected;

(b) Denting when 5 percent or more of the kernels on the ear shrspicuous
depressions in the exposed surfaces;

(c) Cross pollination when 3 percent or more of the kernels on the ear are of a color
or maturity which contrasts distinctly with most of the kernels on the ea

(d) Worms when a corn borer has tunneled into the cob; or whéndiadolored
remnants of worm-eaten kernels are located among the undamagesxds k
more than one inch from the ends of the rows of usable kernels;

(e) Birds when badly discolored or dried remnants of bird-peclezdels are
located among the undamaged kernels more than one inch frondthefehe
rows of usable kernels;

(f) Fermentation when any portion of the husked ear has a distinctly soyaodpr

(g) Smut when any kernel on the ear is more tligintlgl swollen due to smut infection.

851.3372 Blister stage.

"Blister stage" means the stage of development iotwihie kernels are not sufficiently

mature for processing. They are small, underdeveloped Meay tender pericarps and

contain watery or cloudy liquid which runs freelhen released.

§51.3373 Milk stage.

"Milk stage" means the stage of development in which the leeame moderately

to well filled out, have tender pericarps which break withtligressure from the

thumb nail, and contain a milky or thin creamy liquid which spreadsuns
moderately when released.

851.3374 Cream stage.

"Cream stage" means the stage in which the kenaets attained full size, have fairly

tender pericarps which break with moderate predsome the thumb nail, and contain

a thick creamy substance which spreads or runditteryvhen released.

851.3375 Dough stage.

"Dough stage" means the stage in which the kernels htaieeaal full size, have

tough pericarps which require heavy pressure from the thumhonbileak, and

contain a soft doughy substance which does not spread or run when released.

851.3376 Hard stage.

"Hard stage" means the stage in which the kernels haveoagi pericarps, and

contain a heavy, sticky, doughy substance. Ears in this stage are oveforadnge

processing purpose.
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851.3377 Serious damage.

"Serious damage" means any specific defect dedciibéhis section; or an equally

objectionable variation of any one of these defeetsy other defect, or any

combination of defects, which seriously lowers phecessing quality of the ear. The

following specific defects shall be consideredeaoas damage:

(a) Cross pollination when 5 percent or more of the kernels on the ear are of a color
or maturity which contrasts distinctly with most of the kernels on the ea

(b) Denting when 10 percent or more of the kernels on the ear show conspicuous
depressions in the exposed surfaces;

(c) Worms when a corn borer has tunneled into the cob; or winemitrg of the
ear by the usual method to remove badly discolored remnants of eedem-
kernels leaves less than the required area of the eaedawih kernels which
meet the requirements of U.S. No. 2 grade; and,

(d) Birds when trimming of the ear by the usual method to remove badly discolored
or dried remnants of bird-pecked kernels leaves less thamdi@ed area of
the ear covered with kernels which meet the requirements of U.S. No. 2 grade

APPLICATION OFSTANDARDS

§51.3378 Purpose of standards.

These standards are intended for use in describing the quality amityraftioads

of sweet corn being delivered by growers to processors. The gratl maturity

classification of a load is useful in two ways. First, ibyides an equitable basis
for pricing the load in relation to its quality.

Second, it enables the processor to use the corn more advantageously.

§51.3379 Grade and maturity determination.

(@) A representative sample from the load shallubed for grade and maturity
determination. An exactly weighed quantity fromstlsample shall be used for
analysis. All ears in the analysis sample shattdrapletely husked. A husked ear
is one which has all of the husks removed, theksbastem trimmed to one inch
or less in length, and the cob trimmed, if necgssar that the portion remaining
without usable kernels is not more than one-failmetiength of the trimmed ear.

(b) The husked ears shall be sorted into groups®f No. 1 grade, U.S. No. 2 grade
and Culls. The percentage of each group shall ulated on the basis of
weight. Percentages may be determined either ohasie of the total weight of
ears in the husk or on the basis of the total weagiiusked ears in the sample,
depending upon the wording of the contract betvggewer and processor.

(c) The maturity of the individual ears shall be determined duhiagprocess of
grading, and a maturity classification assigned to the load ohasis of the
percentages of ears in the various stages of maturity.



CHAPTER 6

M ECHANICAL PROPERTIESOF SWEET CORN KERNELS

6.1. A REVIEW OF THE RESEARCH ON THE M ECHANICAL PROPERTIES OF
SWEET CORN KERNELS

Modern technologies of sweet corn harvest and keeyaration from cob cores
require knowledge on the mechanical propertiesobs@nd kernels that affect the
optimisation of the processes and limitation of litptive and quantitative losses
occurring in the course of those processes [64éeBaorn kernels constitute a material
of visco-elastic properties whose strength is deternpnieahrily by the effect of time,
moisture, and anatomical structure of the kern@§. [Determination of standard
mechanical properties is a complex and difficubktas it requires that uniform test
conditions must be maintained during the measureofetme mechanical properties
[43]. Studies of mechanical properties are usualige with the use of strength testers
that permit the application of various strain pesgs. Most frequently the results of the
tests are obtained in the form of stress-straatiogls [63].

An important factor necessary in the design of machindssguipment used
in the agricultural product and food processing industry inkiewledge of
relations describing the behaviour of a body subjected to mioge® a variety
of external effects differencing in form and intensitynumerous machines used
in the food processing industry the fundamental function arking elements is
based on mechanical action. Hence the high importance mfl&dge of the
properties of material (raw material, semi-finisheddpict) which determine the
choice of the character and intensity of such action (mecHamimgerties) [108].

The great variety of biological materials, their righility, anisotropy,
metamorphism, and sometimes heterogeneous struateirthe source of failure of
many research methods, apparatus, and also tloaboethcepts that are acknowledged
and tested under other conditions and in otheiicgtiains [48]. The set of mechanical
properties is not ordered and, according to varitisors, may comprise from several
to over two hundred features. In 1975, the Briishndard Committee published the
standard No. BS 5168 which includes over 250 enffigictionary of rheological
terms), nearly a half of which are defined and medse indexes. The American
Society of Studies and Materials published a set83fterms related to the study of
mechanical properties [30].
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Physical properties, and especially mechanical gotigs of biological materials
produced by agriculture, have long been the olbjeictterest of science. The growing
level of mechanization of work in agriculture andaod processing required that type
of knowledge, necessary for the design engineeating machines and equipment
that are more and more aggressive in their oparain cause losses resulting from
mechanical damage, sometimes at the level of ded@zan percent of the crop or of
the material entering the production process [50].

Knowledge of all the mechanical properties of liaal materials is necessary fore
the design of technological processes. The variety ohéwhanical properties studied is
assigned to the various types of plant materialstanhe large number of purposes for
which the results obtained are to be used. Cagtajperties and methods of their study
are of interest to design engineers working ondiggn of threshing assemblies, and
other properties and methods will be of importaiocematerial drying industry or for
food processing industry [23].

Similar relations can be observed in studies ombehanical properties of sweet
corn kernels that are determined to meet the mgeints of the design of machines
and equipment for use in agriculture and in prangs§or example, in the processes
of shearing a biological object is divided under the effeshearing stress caused by a
tool. In the operation of agricultural machinerye tmechanical properties of plant
materials are of high significance. The mechanicaperties define the behaviour of
the material under the effect of the action of ésrcsuch as compression, tension, and
impact. Other properties, such as mass, volurrirés are important for descriptive
characterization of a given product [167]. Mechahfroperties such as compressive
or shearing strength and resistance to impactasertant and frequently required in
studies on cereal grain losses [65], or on resistém cracking in the course of harvest
or other operations [5]. Shearing resistance arttesiee strength are important
mechanical parameters in the determination of ttare of shearing processes and
energy requirements [6, 88].

Strength properties that describe the behaviotniaddgical materials subjected
to mechanical loads depend primarily on grain sipel shape and its internal
structure, and on the effect of external factordrasgcmoisture and temperature [43].
An especially important factor that determines minechanical properties of seeds
and kernels is their moisture content [41,45]. Mo is a fundamental factor
affecting changes in the mechanical strength of itiwelucres [28]. Moreover,
moisture is the basic factor determining the charaof deformation that seeds
undergo when subjected to loads [29]. In numeroudiesy mechanical properties
are determined by means of compression tests gpdai-static conditions. In such
tests the speed of the loading element usually oiesxceed the value of 0.005 m-s-
1. In practice, however, in many cases we have dbwigh dynamic loads and high
deformation rates [12,13]. Young modulus (modulfiselasticity) is one of the
fundamental mechanical properties of grain. It egpes the relation between stress
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and strain of a body subjected to loading. Its valiepends on the chemical
composition and on the mechanical structure of gren and on the rate of
deformation and value of the load applied [78].

An important quality feature of sweet corn kernislshe tenderness (softness)
related to the thickness of the seed coat, to tlaseof ripeness, and to the genotype
[36]. The thickness of the seed coat decreases ngiming, but this change is
accompanied by an increase in hardness [117]utliest by Ito and Brewbaker [55]
the thickness of the seed coat varied, dependinfewultivar, from 36 to 124m.
Very sweet cultivars have thinner seed coat thamalty sugary cultivars [54].

In his studies, Burton [22] used penetration téststhe determination of the
hardness of the seed coat at various stages oiespef sweet corn kernels. As the
loading element he used a cylindrical glass penetter with a diameter of 0.5 mm.
He made the hardness measurements on percarp rerfiowedhe kernels and
stretched on a glass tube. He found that the fofcpenetration increased with
increasing ripeness of the kernels, which wasedl&b increasing hardness of the
seed coat. That author states also that theredistiact differentiation of the seed
coat hardness of kernels from different parts efabb. Kernels from the tip and the
base parts of the cob are softer than those fremmiidle or central part. This is
most likely due to variation in ripening. Differéatton of results was observed also
on the length of the kernels, which was relatefhster decrease in moisture content
in the upper part of the kernel than in its bastice.

The object of studies by Zoerb [167] was an indigidkernel of fodder corn,
whole and sheared. The kernels were subjectednipression tests at various levels
of moisture content (15.4-23%) and at different raedons (flat and on the side),
and at different compression rates (0.0018-0.018mimd). The tests were made
with the help of a special apparatus that inclugedong other things, and force
converter and an oscilloscope which was used tordethe force values. In the
course of the tests also the strain energy andmtbdulus of elasticity were
determined for a variety of conditions. It was fduhat the strongest effect on the
change of mechanical properties was that of thestn@ content. All the strength
properties decreased in value with increasing mm@stHigher values of the energy
of compression were observed at higher moisture cormiersipéctive of whether the
tests were made under static or dynamic conditiédhkigh kernel moisture content
low elasticity of the kernels was observed. Thedanecessary to deform the kernel
to the limit of plasticity decreased with incregsmoisture. Apart from the moisture
content, the force was also significantly relateldrnel orientation [166].

In their studies, Robertson and Lazar [110] determined the bond foseesef
corn kernels with cob core. For the tests they used cobs of saretof five
cultivars - Golden Happiness, Golden Jubilee, Stylepak, Vanguard ainBixtras
Sweet. The moisture content of the kernels tested var@d ¥0.7 to 72,3%.
Figure 11 presents the method of kernels separation from bse €o facilitate
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kernel separation for the tests, the cobs cut in half alemdong axis. Such cob
halves were pressed by hand against a flat plate of 12x30 mm aevitiiea force
transducer. To prevent puncture of cracking of kernels the plas covered with
polyurethane foam, and its sharp edges were rounded off. To eefatreely
stable friction coefficient, the plate was dried afterrguvest. The pressure was
applied at the angle of 4@ntil the moment of kernel detachment from the core.
The width of the plate permitted the detachment of thresekerThe tests showed
that the rachis that constitutes the physiological connectiorebattihe kernel and
the cob core is the main source of resistance. The force alibgekernels off the
core varied; depending on the cultivar and on the moisture, from 2.6 do 3 N.

Fig. 11. Schematic of sweet corn kernel detach methodubport plate of force transducer, 2 — base [110]

Similar tests were also made for cobs subjecteésirtonute blanching in water
steam of 108C. They showed a decrease in the breakage force by an avEed§é
in comparison to the former studies. Moreover, d¢hors found that blanching
caused a change in the consistency of the kernel parenchiaioh,in later stages of
kernel processing (especially washing) resultsrgdaction of juice seepage.

Another test included in the study was concerned with a singlefdernels
left on the longitudinally halved cob, fixed in a holder. Force wadiezhpo an
individual kernel, at the angle of 9@ the axis, at the rate of 250 mm-tiat the
height of 2/3 from the kernel base (Fig. 12).
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4

Fig. 12. Sweet corn kernel detach: 1—- impact body, 2 —érpRi— force sensor, 4 — arm of sensor [113]

A transducer measured the force of breaking a kéwoma the core, which varies
from 1.3 to 5 N, and the force of friction betweaweighboring kernels, that was from
2.3 to 4 N. The tests were the referenced to kesédjected to blanching. As in the
previous tests, the values of force were notabdueed with increasing time of
blanching. In the case of 1 minute of blanching deerease was by 6%, and at
5 minutes by as much as 22%. The author did nok diny significant effect of
moisture on the values of the kernel break offdokde did observe, however, that the
value of the force was cultivars related, and aafhpdhat it was dependent on the
thickness of the pericrp swelling in its bottomtp&or cultivars for which high values
of the force were recorded, the swelling was Or@&2 while for other cultivars, with
lower force values; the thickness of the swellirag\w.024 mm.

A separate study was concerned with determinatioth@fdegree of kernels
detachment on a laboratory apparatus made up daltacbnveyor 15 cm wide,
against which a team of people placed halved cobs.cbnveyor was constantly
dried to maintain a constant value of its frictmwefficient. Kernel detachment was
continued until obtaining 6-10 kg of kernels. Thesmabtained was referenced to
the total weight of kernels that comprised the &krrdetached and the weight of
kernels remaining on the cobs, measured after scydpé kernels off from the cobs.
The degree of kernels detachment for the threevatgtunder study varied from 89.8
to 92.3%. It was observed that the differencesltexsunot only from cultivars
differences but were also related to the phaspenhess, i.e. to decreasing moisture.
Lower kernel moisture facilitated the detachmenkerfnels from the cob core and
caused an increase in the weight of the kernel rdatsched. Within the kernel
moisture range studied (from 70.2 to 73.2%) theease observed was about 30%.
However, the authors concluded that the fact coatlder be attributed to increased
hardness of the seed coat rather than to the speri¢he kernels [49].

The object of another study sweet corn cobs ofcltivars - W6786 sul and IL731
sul with moisture content of 77.9 and 76.3%, was dbmparison of the sensory
qualities (aroma, taste, texture) that determiree rthtritional value of the kernels.
Immediately after harvest, the hardness of the seatiand the firmness of the kernel
parenchyma were tested with the help of a cyliatifenetrometer of 2.38 mm in
diameter. The tests were made using an Instramgtitréester at loading head speeds of 5
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and 50 crimin™ and loads of 20 N. After the tests, the cobs sebected to blanching.
Kernels detached from the cobs (30 g) were suldjeictea compression test at the
compression rate of 20 cm-miand load of 200 N. It was found that the hardness of the
seed coat and the firmness of the parenchyma sif kernels were weakly correlated
with the sensory features of cooked kernels. Timanfiss of cooked kernels was not
correlated with the hardness of the seed coat arfidntimess of the parenchyma of fresh
kernels. The authors suggest that the textural &safarispiness, tenderness, succulence)
should not be assessed on fresh but rather orhbldimeaterial [10].

Another study was concerned with determination exingl quality of fourteen
cultivars at two ripeness phases. The first test® wnade on the 18th and the second
on the 22 day after blooming. Kernel quality was estimated the basis of
penetrometric tests comprising measurement of kéiarelness (penetration of seed
coat) and parenchyma firmness (penetration intokédraels). The tests were made
using an Instron strength tester, at loading heaeds of 50 cm-miih using a steel
penetrometer with a diameter of 2 mm. The strenfjthe seed coat varied from 63 to
110 g-mrif after 18 days and from 77 to 138 g-fnafter 22 days. The firmness of the
parenchyma was from 39 to 59 g-thaiter 18 days, and from 40 to 78 g-fafiter 22
days. Kernel moisture of the cultivars studiedre18' day was from 73.4 to 77.6 %,
and after 22 days from 67.1 to 74.4 %. It was observedratthe mass of kernels on
the 18" day was from 42 to 49 g, and after 22 days - &80 172 g. Increase in
kernel hardness and firmness was accompanied, bow®va decrease in the content
of sugars - from 379 to 151 mg-gfter 18days, and from 348 to 110 migadter 22
days, and by an increase in dry mass content - fbmgg” to 193 may” after 18
days and from 163 ngj to 476 mg-g after 22 days [8].

Penetrometric tests were also used for the detatiminof kernel firmness by
Sprague and Dudley [123]. They found that the vaehagacterizing kernel firmness is
largely dependent on the type of equipment and adetised in the study. They
conducted their studies in two ways. The first tbed in kernel penetration by means of
a device made up of a metal tube with a piston péthetration pin, and a manometer.
The force required to penetrate the kernel seedvasadetermined by means of pressure
measurement. The device permits the determinatikaroel succulence on cobs in the
field. The second method used involved the apjiicatf a tender meter (a different
version of the device described above) for kelinahniess measurement. In that method,
kernels were placed on a special perforated @att the force of penetration was also
determined with the help of a manometer. On thés lodighe tests they determined the
kernel hardness degrees with relation to relatigiorthation. For percarp relative
deformation above 7% they adopted the categoryhaed; from 6 to 7% — hard, from 5
to 6% — medium tender, and from 4 to 5% — tenddopfing those criteria, the authors
found that most kernels harvested for the processingtigdat kernel moisture levels of
70-72% were hard, which is not highly desirablg.[83
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Jindal et al. [58] studied the strength of fodder corn using anoemeter with
a diameter of 6.3 mm, moving at a speed of 0.5 crit:niihe values of Young
modulus for kernel moisture range from 8.3 to 20,25% were from 82.7 to
554.7 MPa.Burton [22], reports that the main discriminant in the assessiof
corn kernels quality is ripeness which determines the raterael hardness to its
succulence. Also, on the basis of test of corn fibers, he forrduiageopinion that
specific gravity is closely related to the differentiatlmtween “old” and “young”
kernels, and between hard and succulent kernels.

Also Mosz and Frontczak [89] studied the strendtfodder corn kernels seed
coat. They subjected individual kernels, with a stwie of about 10%, to a
penetrometric test. The range of load values was $89.8 to 124.4 N. Frontczak
[44] determined in his study the strength of foddmrn kernel seed coat,
parenchyma, and germ, by means of the maximum values oflusarf longitudinal
elasticity. The values varied with increasing kémeisture. Hanzelik [51], in turn,
determined the mechanical properties of fodder &emels of different sizes and
moisture through compression between tow plates.cimpressive strength of the
kernels decreased with decreasing moisture andfkarnels.

Kramer et al. [66] were also interested in deteatiim of corn kernel quality on
the basis of strength tests. In his study he ussae®t corn cultivars at three harvest
times. The tests were made on fresh kernels akéroels stored for a certain time in
frozen state. The force necessary to penetratiestinel seed coat with a penetrometer
was determined for kernels taken from the middle parteofd. The penetration tests
performed at penetrometer speed of 0.15tand diameter of 1.6 mm yielded force
values, for fresh kernels from the first harvesipf 220 to 332 N, and from 242 to
358 N for kernels from the second and from 2755818 from the third harvest time.
For thawed out kernels, the respective values fere 193 to 336 N for the first,
from 189 to 329 N for the second, and from 22458 R for the third harvest time.
The study showed that the seed coat is the onlgtste of corn kernel, which
determines its hardness, and the value of forcessacy for penetration with a
penetrometer. The authors suggest that this findiey be useful for objective
assessment whether a given batch of kernels s érekas been frozen. Kernels from
the first harvest time were characterized by thirseed coat and were softer than
kernels from later harvest times. The fact of keripening being accompanied by an
increase in seed coat hardness results from pabatien of carbohydrates, which
entails considerable loss in water content and segicshrinking.

The tender meter was used to study the hardnessest corn kernels cut off by
means of a mechanical cutter. The study was rdatime6 sweet corn cultivars at 5
ripeness stages. It was observed that with inogedsirnel ripeness the hardness of the
kernels increased. However, the degree of hardgsarticular phases of ripeness was
different with different cultivars. It was also ebged that kernel hardness was also affected
by weather conditions [71]. One of the methodseshé comminution is shearing. The
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degree of comminution depends on the speed of dnidng elements, differentiation of
kernel sizes, and speed of feeding the materidl.[12 their study, Figiel and Frontczak
[42] determined the effect of kernel moisture anttiec knife geometry on the resistance
and work of cutting corn kernels with a moisture contéftte80%. They used an Instron
5566 strength tester, with knife of a thicknesd.@b mm and varied geometry, i.e., with
cutting edge incision angles of 0=4#d blade angles of 10°9(Fig. 13). The speed of
the knife movement was 1.2 mm:fhin

o
(&}

",
-

Fig. 13. Schematic of kernel cutting: 1 — spring, 2 — clgpigie, 3 knife, 4 — kernel, 5 — base [42]

They found that changes in both kernel moistureauttihg knife geometry had
a significant effect on the kernel cutting process. Kanméture increase from 10 to
30% caused a reduction in the cutting force from 50 to.I0hN lowest resistance to
cutting was obtained at cutting edge incision amgl8C, and the lowest value of
work at incision angle of 4442].

Energy requirements and resistance occurring in kernel cutting depend not
only on the speed of the cutting element, but atsthe kernel orientation relative to
the cutting plane [3]it is known that unit resistance to cutting is aff@cted by the
thickness of the cutting blade [168Yith increasing blade thickness the unit cutting
resistance increases and the blade gets blunted quickie process of cutting stem
plants, it is frequent practice to use knives tedtlblades that increase cutting
resistance and do not require frequent sharpehd@j.[

In numerous cutting processes, reduction of cuttiegjstance is realized by
increasing, up to a certain limit, the speed offekmienetration into the biological
material. This is attributed to that fact that larp mass, which is an elasto-pastic body,
the speed of stress transmission into the deptheofayer is low, and when the knife
strikes at a high speed the stress in the materiabotrates close to the knife-edge. As a
result the thickness of the mass pressed by thide lfiecreases, and then cutting
resistance decreases as well [105]. Knife speedhals a significant effect on cutting
energy and unit resistance [169]. Unit energy dirgyis lower at the speed of knife
penetration into the plant of about 2.65mAlso the maximum and mean stress in
cutting are lower at knife speeds of 2.5-3-
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6.2. METHODS OF STUDY OF SWEET CORN KERNEL MECHANICAL
PROPERTIES UNDER QUASI-STATIC CONDITIONS

Figure 14 presents a laboratory set equipped witistron 6022 strength-testing
machine as well as control panel and equipmemégstration of characteritics.

Fig. 14. Laboratory stand equipped with universal testiaghmme Instron 6022, computer, plotter and printer

Table 19 presents the basic parameters and woditioos of the Instron machine,
the type of loading element used, and the measuteerge.

Table 19. The parameters of universal testing machine

Load capacity, Velocity rate of head, displacement

Test type loading tool

(N) (mmmin) range (mm)
Shearing 200 Knife 50 20
Penetration 100 Plunger 50 10
Compression 100 Plate 50 3

To determine the variability of distribution of the studied medats
properties in the kernels of sweet corn, the study was conduotedodr
measurement positions on the cob length (Fig. 15) and for thrde tfvdepth of
kernel cutting (Fig. 16). The division of the experimental migtento three
measurement positions resulted from the adopted method of resedeh.
determination of standard mechanical properties of materitiswethods used in
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the mechanics of construction materials requires the assumnaemiform
experimental material and accurate determination of sample dimensions.
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Fig. 15. Cob partition on measuring position

Significant differentiation of the compressive sgth of kernels of the studied
cultivars was shows by recording the force valuesfthe moment of damage to the
seed coat. Due to the marphological structure oftis and kernels, it was decided to
divide the cobs and kernels into measurement posit\With such a division, the cob
and kernel sections different in shape and in th&rnal structure. This permitted the
determination (within the whole cob and kernel they of the distribution of
variability of the values studied. In the processnechanized detachment of kernels
from cobs, the mechanical properties determinejtiadity of the kernels cut and the
levels of energy expenditure required.
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Fig. 16. Kernel partition on the measuring positions

Evaluation of sweet corn kernels as well as the deterrmmatif their
mechanical properties was performed with the help of strength testimglostieon
6022 strength-testing machine. This ensured high measuremena@cand
definition of the stress-strain characteristics.

The tests were used to determine values related to the following:
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— force corresponding to the limit of mechanical strength of the tissue,

— displacement (deformation) corresponding to that force,

— modulus of elasticity determined within the range of elastic straintfieratress-
strain curve below the limit of proportionality (biological flow abi)ity

— energy of deformation.

Depending on the test performed, suitable loading elememnésemployed (knife,
penetrometer, discs), together with the requirediabaccessory equipment. Since the
method of sample gripping and orientation had @ngteffect on the results obtained,
care was taken to ensure that both the directidheofoading element motion and the
point of its contact with the samples tested wénaygs the same for all the samples
tested. Also, in measurements of mechanical piepestandard procedures developed
by the manufacturer of the Instron strength-testivaghine were used as well. All the
measurements were made in 30 replications.

Results of statistical analysis for kernel sheafiegetration and compression under
quasi-static conditions are presented for the Hebetfiivar, tested in 2002 at measuring
head motion speed of 50 mmin* and head load of 200 N in the case of the shsér te
and of 100 N in the penetration and compressids. t§€ernel shearing and penetration
on its length and kernel compression tests werferpeed for kernels taken from the
central part of the cob (measurement position B).détermine the significance of
differences between mean values of the measuremedtthe measurement position,
single-element analysis of variance was made, hasv@ukey's test for. = 0,05. The
degree of correlation between the variables, in, twas determined by means of
regression analysis.

6.2.1. KERNEL CUT-OFF— SHEARING TEST

For cutting the kernels, a knife was used that came froreraek cut-off
machine. Figure 17 presents the method of kernel fixing and cut-off. éCtibrs
were fixed to the moving loading head is such a way thaterctlurse of kernel
cutting the knife was positioned parallel to the cob core axé&asMrements were
conducted until the moment when the loading head moved by a presatealista
which corresponded to 2-3 kernels being cut off. The force and sthiesvwere
recorded and saved in compute5r memory.

Tests of multiple comparisons with Tukey’'s method showed tiatntean
values of the shearing force were significantly differeatatn the kernel length,
and varied with respect to the measurement positions as follpegstion 1-
12.36 N, position 2 — 42.84 N, and position 3 — 92.47 N (Fig.18). The effect of the
point of shearing (measurement position) on the shearing f®mescribed by a
strongly positive exponential relation.
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1

Fig. 17. The kernel cut-off method of the sweet corn:Head measuring, 2 — knife, 3 — base
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Fig. 18. The shearing force for different deepness of egttool (according to fig. 16)
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Fig. 19. Deformation for different deepness of cutting t@acording to fig. 16)

The mean values of relative deformation (Fig.19) formed thgerérom 13.23
to 19.31 mm. Tukey’s test showed notable variation between these walues.
Changes of the values of deformation in the function of thesumement position
are expressed by a linear function. The modulus of elasticityrmy is described
by an exponential function. Mean values of the modulus of elgstigiied within
the range from 4.45 to 19.62 MPa (Fig. 20).
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Fig. 20. Modulus of elasticity for different deepness oftitig tool (according to fig. 16)
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Analysis of variance and Tukey's tests performed for thersrezrgy showed
that, like in the case of force, deformation and modulus of dtgstits values
were significantly differentiated for the particular mae@snent positions. The
mean values of shear energy fell within the range from 0.@#hkitop section of
the kernel (measurement position 2) to 0.91 J in the base sectibe &Ernel
(measurement position 1) (Fig. 21).
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Fig. 21. Cut energy for different deepness of cutting {@akcording to fig. 16)
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Fig. 22. Shearing force of kernels in different place of ¢abcording to fig. 17)
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The results of analysis of variance, as well abubky’s test for the mean values of
force, relative deformation, modulus of elasticiijd shear energy of kernels cut off at
the different places (measurement positions) orlethgth of the cob showed that the
values of force and energy in the central parthefdob, designated as measurement
positions 2 and 3, are not statistically varie@nficant differences can be observed
between the extreme parts of the cob. Particutégly values are characteristic of kernels
from the lower section of the cob (measurementipnsi).

The mean values of the parameters studied varied from 46.82ak(rement
position 4) to 74,31 N (measurement position 1) for the shear force2@igirom
13.23 to 19.31 mm for relative deformation (Fig. 23), from 4.25 to 6.04 MiPa f
modulus of elasticity (Fig. 24), and from 0.44 to 0.60 J for the sheariaggy
(Fig. 25).

High correlation coefficients for the values under consideratidicate the
existence of strong relations between the analyzed varianiasysis of variance
showed that the cultivars studied are significantly diffeegadi with respect to the
mean values of the kernel shearing force. Mean values of #wirsty force
recorded in the shear tests for the particular cuftiveere as follows: Helena —
42.84 N, Candle —38.72 N, and Jubilee —31.21 N.
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Fig. 23. Deformation of kernel at cutting in different péaof cob (according to fig. 15)
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Fig. 24. Modulus of elasticity of kernel in different placécob (according to fig. 15)
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Fig. 25. The energy of kernels shearing in different plaiceob (according to fig. 15)
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6.2.2. KERNEL PENETRATION— PENETROMETRICTEST

The penetrometric test was performed for kernels on cobs, usiyiindrical
steel penetrometr with a diameter of 2 mm.
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Fig. 26. The measuring set for the study of the seed ¢matgth: 1-measuring head, 2 —penetrometer,
3 —base plate

In this part of the study kernel penetration tests were nfadefour
measurement positions on the cob length and one measurement positi@ on t
kernel length, designated as position number 2 (at the baselartied). Analysis
of variance of results obtained in tests of seed coat peoptsiiowed significant
differentiation between the mean values of force, relativerdeition, modulus of
elasticity and penetration energy at the particular measutepositions on the
kernel length.

Mean values for the particular cutting depths vhméthin the range from 7.21
(depth 1) to 54.87 N (depth 2) for the penetratione (Fig. 27), from 5.1 to 7.6 mm
for deformation (Fig. 28), from 4.6 to 23.4 MPa for moduddi elasticity (Fig. 29), and
from 0.021 to 0,066 J for penetration energy (8@).

In turn, the mean values obtained in kernel penetration testsastireement
positions on the cob length varied from 28.61 N (measurement positior62)62
N (measurement position 1) for the shearing force and from 0.036 to 0,061 J for the
penetration energy. Mean values of the seed cover penetratierréaorded in the
penetration tests showed significant differences betweenuttieacs studied, as
follows: Helena — 42.84 N, Jubilee — 32.21 N, and Candle — 38.72 N. The
comparison was made for kernel penetration at measurement p@s(ab the cob
base) and measurement position 2 (in the middle of the cob).
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Fig. 27. Penetration force at different deepness of pluager (according to fig. 16)
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Fig. 28. Deformation at different deepness of plunger éxisording to fig. 16)
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Fig. 29. Modulus of elasticity at different deepness ofrgler axis (according to fig. 16)
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Fig. 30. Penetration energy at different deepness of pluaxgje (according to fig. 16)
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6.2.3.KERNEL COMPRESSION- COMPRESSIONTEST

Kernel compression was performed between two circular glaiels, of which
the upper one was moving. Individual kernels were placed on ther Igixed)
plate, and then compressed by means of the upper plate (Fig. 3Burbfaant
was continued until kernel destruction (cracking).

[ - /

Fig. 31. Compression of the kernel between parallel plales measuring head, 2 — base plate
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Fig. 32. Force at compression of kernels in different maagyositions (according to fig. 16)
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Analysis of variance of measurement results obtained indimpression tests
showed that, like in the shearing and penetration tests, kerpaistiie middle
section of the cob (measurement positions 2 and 3) are not icd#yist
differentiated. Mean values of compressive force varied mithe range from
12.72 N (measurement position 4) to 18.56 N (measurement positioig 132l
and those of compression energy from 0.0082 to 0.0181 J (Fig. 33).
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Fig. 33. Press energy in different measuring positionsdiating to fig. 16)

Significant differentiation was observed in the compressigrce when
comparing the cultivars studied. Mean values of force requirethéokernel seed
coat to crack in the compression tests for the particultivars were as follows:
Helena — 15.92 N, Jubilee — 18.62 N, and Candle — 14.12 N (Fig.34).
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6.3. MECHANICAL PROPERTIES OF SWEET CORN KERNEL AND CUTT-OFF
PROCESSAT DYNAMIC CONDITIONS

The measurement stand for testing kernel cut-off force under dynam
conditions is presented in Fig. 35. Kernel cut-off from the cobs effexted
through cob rotation and axial motion of the knife. The cutting forcaexkery the
knife was transmitted onto a sensor and recorded by the meastitezad. Table
20 presents a general characterization of the techniceifispon and operation
conditions of the measurement stand.

Fig. 35. Schematic of the measurement stand: 1 — clamp@ad,I2 — knife with force sensor, 3 —
frequency transducers, 4 — computer

Table 20. Settings of measurement stand at low angular rates

Working parameters Value
The shape of cutting tool:
Tool wedge angle (3}, 8
Nose angle (9 15
Angular rate (rad;'l) 130,9; 161,3; 194,7; 226,1
Velocity of cutting tool (m;'l) 0,005; 0,010; 0,015
Cutting position (no) Przy podstawie — At the base (2)
Cob part (no) Czes¢ srodkowa — Middle Part (2)

To obtain uniform samples for the tests, only sections frontehéral part of
the cobs were taken. Cob samples with a length of 10 cm wemget! in the
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measurement stand and set in rotary motion. Once stable operatilitiocs were
reached, the knife motion was switched on. The cutting forcertitbed from the
knife to the force sensor was recorded by the measuring heacheed s a
computer program. The measurement ended and the recordingoppsdswhen
the knife traveled the whole length of the cob sample. Measmtsrwvere made in
3 replications.

To determine the statistical significance of the effechdépendent variables,
l.e. the rotary speed of the heag, linear velocity of the knifev,, and of the
conversion to the dependent variable (shearing fBjcéhree-element analysis of
variance was performed. The results of the analysis showed that aliigpendent
variables and their interactions had a significant effechervalue of the shearing
force. The strongest effect, however, was that of the rotargdspé the head
(approximately 50% of the overall variability of the shearing force).

The relation between the shearing fofeeand the analyzed factors: rotary
speed of heady and linear velocity of knife,, was described with the equation:

F=biay+bva+a (N) (5)

where:

b,,b, — regression coefficients,
a— free argument.

Table 31 presents the regression equations for the changesinetfuigeng force
F as a function of the angular velocity of the hegdt constant linear velocity of
the knifev,. Figure 36 illustrates the resulting regression curvhs. rélations are
presented on the example of the Helena variety tested in 2003.

Table 21. Regression equations for changé-cf f(a), v, = const

vy(ms?) Equation R level (p)
0,005 F=-4810% wy+ 2,74 0,93 0,00001
0,010 F=—7610" ay+ 3,12 0,97 0,00001

0,015 F=-3810"q+2,73 0,91 0,00001
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Fig. 36. Dependence of the shearing foFcen rotary speedy and linear speed of knifg
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Change in the rotary speed of the head from 18@28.1 rad™ causes a reduction in
the shearing force by about 22%vat 0.005 rrs™, by about 34% at, = 0.010 s * and
by about 33% at, = 0.015 s ™. The highest value of the force (2.19 N) was dzmbat
ay=130.9 rag™ andv, = 0.005 s, and the lowest (1.17 N) aj = 226.1 rad™ and
Vi = 0.015 s ™. This corresponded to a reduction in the sheéoiog by about 46%.
Change in the rotary speed of the hegadwithin the range from 130.9 to
226.1 raes™ (v, = 0,005 s ™) caused a reduction in the shearing force by fbout
22% (Helena) to about 31% (Candle), (Fig. 37).um,tover the whole range of cob
feeder speeds from 0.005 to 0.015 hihe reduction obtained was from 49 (Jubilee) to
42% (Helena).

6.3.1.ENERGY CONSUMPTIONSMEASUREMENT OFKERNEL CUT-OFF PROCESS

Due to the necessity of accurate positioning of knives andtamaing correct
geometry of the blades, which has a significant effect o tha& quantity and the
quality of kernels cut off, new knives were used forghely and care was taken to
ensure their proper alignment. The stand for the tests on thesproteéernel
detachment from cob cores is presented in Figure 38.

=

1 —

Fig. 38. Measurement stand for cutting of corn kernels: éorn cutter, 2 — system of power and
electric energy measurement, 3 — frequency tramsduc
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Sweet corn cobs were transported by means of the cob feedwr toitting
head. Inside the head casing two sets of rollers were inktéleding cobs to the
cutter knives. After kernel cutting, the cob core was ejecteddeutise head casing
by means of a pair of ejection rollers. The kernels cut mffnfthe cob core
dropped down out of the head casing. The spacing of the transpos ealjasted
automatically to the cob diameter. The rollers controlledabeking gap between
the cutter knives.

Control of the rotary speed of the knife head and of the cob feedeeffected
by means of two electric motors controlled by frequency thacers. Power end
energy consumption of the kernel cutter was recorded in compuiteomneTable
22 presents the settings of operating parameters of the astd in the tests.
Measurements were in three replications, on a sample made up of 5 cobs.

Table 22. Settings of corn cutter at different cob feedevess

Working parameters Value
The shape of cutting tool:
Tool wedge angle (3}, 8
Nose angle (9 15
Setting range of cutting tool (mm) 20-60
Angular rate (rad;'l) 167,5; 201,0; 234,6; 268,1;301,2
Velocity of feeder rate (ra") 0,31, 0,51, 0,71; 0,92

The stand was used to determine the quality and energy consumptioe of
process of kernel cutting, characterized by the following @it and
quantitative indexes:

— unit power consumptiorkiV/cob),

— unit energy consumption (kJ/cob),

— cutting efficiency (cobs/min),

— weight percentage of kernels cut off (%),

— fraction percentage of kernels cut off (%),

— percentage of kernels of inferior quality (%).

The significance of the effect of the independent variabieshe dependent
variable in this fragment of the study was determined with adlmment analysis
of variance.

The energy requirement of the process of kernel cutting wasumeh by
connecting the cutter to the measurement system presented ie B@uThe
system utilizes a power, time and energy transducer type LRIR&3, feeding data
to the computer. Power consumption measurements were realized once the
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machine reached stabilized speed. The transducer converted andsgmoces
measurement data that included:
— total power of the cutting procedg,(kW),
— idle speed poweN; (kW),
— cutting process powex, (kW),
— total energy of the cutting procegs,(kwh),
— idle speed energf (Kw.),
— cutting process enerdy, (kwh),
— cutting process time (duration)(s).
Figure 39 presents, on the example of the Helena variety tesgaD2, the
changes in power consumption by the cutter during:
—idle run,N;,
— cutting processy,, and
— the total power consumptioN,,
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Fig. 39. Changes of power consumption by the corn cutteli@&and under load

Change in the rotary speed of the knife head withen range from 167.5 to
301.2 raes™ and in the cob feeder speed from 0.31 to 0.82 oaused an increase in
power consumption at idle run of the cutter by @b88%. The lowest power
consumption was observeda@i= 167.5 rags™ andv, = 0.31 s (0.73 kW), and the
highest atey =301.2 rags™ andv,=0.71 ms™* (0.97 kW). With cutter under load
(during cutting process) a reverse effect was @bder change in the head speed
resulted in a decrease in the total power consomyily about 18%). The changees
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varied within the range from 1.23 kW= 301.2 rags’ and v, =0.71ms™) to
1.49 kKW (@ = 234.6 rags ™" andv, = 0.71 ms™).

The decrease iN. with increasing working speeds was related to the drop of
N, by about 74%. The highest value (OK¥M/cob) was recorded at
wy=167.5ras’ and v,=0.31ms’, and the lowest (0.19 kW/cob) at
ay=301.2 rag™ andv, = 0.92 ms™. This was caused by the shorter duration of
the cutting process on one hand (higher speed of cob feeding), and byubtivgy
resistance (higher speed of knife headO on the other.

In the statistical analysis of results concerning the powesuwoption, the
parameter considered wal (kW/cob). Analysis of variance showed that all the
independent variables analyzed (rotary speed of the knife heat, dipeed of the
cob feeder, as well as the variety tested and the year tdst®} had a statistically
significant effect (at significance levat = 0.05) on the dependent variable (unit
power consumption of cutting). The analysis also showed thakeiy gear of the
tests the variety tested had a significant effect on unit cutting power.

The relation betweeN, and the analyzed parametesg:.andv, was described
by means of the equation:

No= by g’ + byv,2+ a (KWikolbe) (6)

where:
b,,b, — regression coefficients,
a— free argument.

Table 23 presents regression equations for chandésasf a function oty at
constant,. Figure 40 illustrates the corresponding regression curves.

Table 23. Regression equations for changaNgf (), v, = const

v, (ms™?) Equation R p
0,31 N, = —210 e + 5,410 %y, + 0,51 0,93 0,00001
0,51 No=— 10°wy + 3,210y + 0,67 0,96 0,00001
0,71 No=— 10°wy + 3,910y, + 0,64 0,92 0,00001

0,92 No= — 10°? + 3,810, + 0,56 0,95 0,00001
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Fig. 40. Dependence of powé, on head speedy and feeder speeg

Analyses of regression and of variance showed ahahe parameters of the
model were significant at the level af= 0.05. High values of the coefficient of
determination (from 0.92 to 0.96) indicate good nditiing. The relation between
N, and ay was described by means of square functions. A chante knife head
speed in the range from 167.5 to 301.2-gactaused a decrease in unit power
consumption by about 55% @f= 0.31 ms™, by about 58% at, = 0.51 s, by
about 62% at, = 0.71 ms™, and by about 68% & = 0.71 ms ™. The highest value
(0.74 kW/cob) was recorded fag = 167.5 rags andv, = 0.31 ms ™, and the lowest
(0.19 kW/ cob) foray = 301.2 rags™ andv, = 0.92 ms™. This corresponded to a
decrease in the unit cutting power by about 74%.

Figures 41 and 42 illustrate changes in the unit power consumptien as
function of rotary speed of the knife head for the sweet cainties studied. The
changes are presented for a constant linear speed alilfeeden, = 0.31 ms ™.
One can state, on the basis of the diagrams, that there cisnsiderable
differentiation in the value oN, both between the varieties and within a given
variety. Change ingy, in the range from 167.5 to 301.2 d (v, = 0.31 ms™)
caused a drop i, , for the year 2002, from about 50% (Jubilee) to about 34%
(Helena), and for the year 2003 — from about 51% (Helena) to abu(Abilee).

In turn, over the whole range of cob feeder speeds, from 0.31 to 692 the
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corresponding decrease observed in 2002 was from about 74% (Helenajitto abo
50% (Candle), and in 2003 — from about 74% (Jubilee) to about 55% (Candle).
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Fig. 41. Changes of powe\, for the studied varieties in the year 2002

0,80
0,75
0.70 I_ H Candle
OHelena
OJubilee

0,65 1
0,60 [ |
0,55 1 —
0,50 1
0,45
0,40
0,35 1
0,30 -

Power consumption (kW)

167,5 201,0 234,6 268,1 301,2
Angular speed of head (rad s™)

Fig. 42. Changes of powe, for the studied varieties in the year 2003
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Figure 43 presents the changes in electric energy consumption loprthe
cutter during:
— idle run,Ej,
— cutting process,,
— and in the total electric energy consumptien,

x10* 10

9,
O E, o E mE,
8,

Energy consumption (kWh)
(53]

e |

v. 031 051 071 092 031 051 071 092 031 051 071 0,92
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Speed of cob feeder v, (m s™ and angular rate of head wy (rad st

Fig. 43. Distribution of energy consumption by corn cutter

A change in the knife head speeglin the range from 167.5 to 301,2 mad
and in the cob feeder spegdrom 0.31 to 0.92 rs™* caused an increase in energy
consumption at idle run of the cuttérin the range from 4.74 to 5486 kWh,
l.e. by about 17%. The lowest energy consumption was recordeg =atl67.5
rads ™ andv, = 0.31 ms™, and the highest aiy = 301.2 raes ™ andv,, = 0.92 ms ™.
When the cutter was under load (during the cutting process)sibbserved that
with changing working speed of the cutter the valuE.afecreased by about 21%.
The changes varied within the range from 166 kWh (¢ = 167.5 rags™" andv, =
0.31 ms™) to 6.02 10*kWh (g = 301.2 raes* andv, = 0.92 ms™).

The decrease in the total energy consumiionith increasing working speeds
resulted from the decrease in the unit energy copgsamin the cutting proceds,
(by about 84%). The highest value (2MP*kWh/cob) was recorded at
wy=167.5rag™ and v,=0.31ms", and the lowest (0.4B0*kWh/cob) at
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ay=301.2 rags™ andv, = 0.92 ms™. This was caused by the shorter duration of the
cutting process (higher speed of cob feeding) enaie hand, and by the lower
resistance to cutting (high speed of the knife headhe other.

The results of analysis of variance for the dependeariable E, indicated
significance of the independent variables, {4, variety, and year) as well as of their
interactions. The strongest effect was that of the vayesdy interaction (approx. 35% of
the total variability of unit energy consumptiohe relation betweeit, and the
analyzed parametersy andv, was described with the equation:

Eo=biay+ bv,+a (kWh/kolkz) @)
where:
b,,b, — regression coefficients,
a — free argument.

A change in the knife head speed in the range I6Wb5 to 301.2 ras™ (Fig. 44)
caused a decrease in the unit en&gdyy about 44% at, = 0.31 s, by about 50% at
v, = 0.51 s, by about 56% at, = 0.71 ms ' and by about 60% & = 0.92 s ™. The
highest value (2.920* kWh/cob) was recorded a = 167.5 rags™andv, = 0.31 ns ",
and the lowest (0.4B0* kWh/cob) atay=301.2 rag™ and v, = 0.92 ms™, which
corresponded to a decrease in the unit cuttingygtsgrabout 84%.
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Fig. 44. Dependence of enerdsy on head speeg) and feeder speeg
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Table 24 presents the regression equations fouritecutting energyg, as a
function of the knife head speeq for a constant linear speed of the cob feegler
Depending on the variety and the year of testihgnges in the value afy in the
range from 167.5 to 301.2 rad for constanty, (0.31 ms™) caused a decreaseBp
by from about 58% (Jubilee) to about 44% (Helengdhayear 2002 (Fig. 45), and
from about 56% (Helena) to about 47% (Candle) iD32@ig. 46). In turn, over the
whole range of cob feeder speeds, from 0.31 to B892, the decrease varied from
the level of about 81% (Candle) to about 93% (&abiin the year 2002, and from
about 60% (Candle) to approximately 92% (Helen2003.

Table 24. Regression equations for the chang&gpf f(ay), v, = const

v, (ms™?) Equation R p
0,31 E,=—-0,009y + 4,41 0,85 0,00001
0,51 E, =-0,00Gy + 2,72 0,87 0,00001
0,71 E, =-0,00%y,+ 2,28 0,94 0,00001
0,92 E,=—-0,0048y+ 1,94 0,90 0,00001

30 —
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2,5 | OJubilee

HHelena

Energy consumption (kWh)

167,5 201,0 234,6 268,1 301,2
Angular speed of head (rad s™)

Fig. 45. Changes of enerdy, for the tested varieties in the year 2002
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6.3.2.KERNEL CUT-OFF PROCESSEFFICIENCY

The results of analysis of variance showed that all idegendent variables
analyzed: knife head speeq| (rads™), linear speed of the cob feed@r(m-s‘l),
variety, and year of testing, had a significant effect onintdependent variable —
unit process efficiencQ (cobs/min). To estimate the quantitative effect of the
rotary speed of the knife head and of the linear cob feeded speenit efficiency
of the process of corn cutting, a regression analysis wésmed. The changes in
the values of in relation toay andv, were described with the equation:

Q= byay+ byv, + a (kolb/min) (8)
gdzie:
b;,b, — wspéiczynniki regresiji,
a— wyraz wolny.

Figure 47 illustrates the corresponding regressioves. The relation betwe€nand
ay was described with linear functions. Change in thie kiéad speed in the range from
167.5 to 301.2 rasi* caused an increase @by about 44% at, = 0.31 ns ™, and by
about 11% atj,=0.51 ms", by about 22% at,=0.71ms" and by about 88% at
V, = 0.71 ms™. The highest value (164.21 cobs/min) was recoedeq = 301.2 rags™
and v,=0.92ms", and the lowest (53.73 cobs/min) fag=1675rag™ and
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v, =0.31 ms . This corresponded to increase in unit efficienicihe cutting process by

about 67%. Table 25 presents the regression ensiatichat relation.

Table 25. Regression equations for changeof f(w), v, = const

Vv, (ms™ Roéwnanie - Equation R p
0,31 Q=0,17u+ 90,1 0,48 0,00001
0,51 Q=0,16u+ 77,9 0,60 0,00001
0,71 Q=0,07y+ 76,1 0,41 0,00001
0,92 Q=0,02y+52,1 0,28 0,00001
180
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Figures 48 and 49 present the changes in unitefig of the cutting process as a
function of rotary speed of the knife head for 8weeet corn varieties studied, at
constantv, = 0.31 ms . On the basis of the graphs we can observe thet thas a
considerable differentiation in the values@fboth between the particular varieties
studied and within a given variety. Changecgfin the range from 167.5 to 301.2
rads™ (v, = 0.31 ms) caused an increase in the valu&dbr the year 2002 by from
about 15% (Candle) to about 32% (Jubilee), andhieryear 2003 — from about13%
(Candle) to about 34% (Jubilee). In turn, overmle range of cob feeder speeds
(0.31-0.92 ns’) the increase recorded in the year 2002 varieah fabout 166%
(Helena) to about 298% (Candle), and in 2003 — fatmout 250% (Helena) to about
312% (Jubilee).
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6.3.3.METHOD FORMEASUREMENT OF THEDEGREE OFCORN
KERNELMASSDETACHMENT

The degree of kernel mass detachni®nwas determined in two stages. Stage
one consisted in the calculation of the share of kernel detashed form cob core
Mg according to the formula:

M, ="M 100 (%) )
m,

where:
my— cob mass prior to the process of kernel cutting (g),
m,— cob mass after kernel detachment (g),

and in stage two the value from equation (9) was referencée taidlogical yield
of the kernels:

M
Sod = =

[100 (%) (10)

b

Such a procedure for the calculations resulted fpooblems with collecting all
the kernels cut off (some of which were scattered over émeegits of the cutter) and
from loss of juice and solid fractions, as well as from diffiea involved in the
determination what part of the kernels remained on the cob ddresweight of
the material studied was determined using scales type WPE 2000p.

Analysis of variance showed that the knife head spegdvas the primary
parameter affecting the degree of kernel mass detachrogaipBrox. 65% of the
total variability). Changes in the, $ relation towg andv, were described by
means of the equation:

S=bay+bv,+a (%) (12)

where:
b,,b, — regression coefficients,
a— free argument.

Change inw in the range from 167.5 to 301.2-&ttaused an increase in the value of
S by about 45% (Fig. 50). The highest value (68.38%s recorded afy = 301.2 rac™
andv, = 0.31 s, and the lowest (47.16%) @ = 167.5 rad™ andv, = 0.92 /s .

All values of coefficient of determination (from 0.73 to 0.90) int#cgood
fitting of the model (Tab. 26).
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Table 26. Regression equations for changesgf f(w), v, = const

v, (ms™) Equation R p
0,31 S = 0,14wy + 28,46 0,90 0,00001
0,51 S =0,14w, + 26,62 0,82 0,00001
0,71 $=0,13y+ 27,43 0,76 0,00001
0,92 $=0,12y+ 30,11 0,73 0,00001

Change in the knife head spegylin the range from 167.5 to 301,2 mdand
at constant cob feeder spegd0.31 ms™), depending on the variety and the year
of study, caused an increase in the degree of kernel mass desaghfrom about
30% (Jubilee) to about 45% (Helena) in the year 2002 (Fig. 51)framdabout
23% (Jubilee) to about 58% (Candle) in 2003 (Fig. 52). Increase= afob feeder
speed above 0.31-s7 did not cause any further increase in the valu®,.of
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6.3.4.METHOD FORMEASUREMENT OF THESHARE OFKERNEL FRACTIONS

Kernel classification into fractions was performed after teasarement of the
length of kernels. The measurements were made with the helglidéaaliper on
a sample made up of 500 kernels. The final result was a méam fvam 3
replications. Due to the lack of literature data and industiipmdards concerning
the classification of detached kernels into size classe$pltbe/ing classification
was adopted:

— class | — kernels with length above 8 mm,
— class Il — kernels with length from 4 to 8 mm,
— class lll — kernels with length below 4 mm.

The quantitative shares of the particular fractions or classesdetmanined

according to the formula:

100 (%) (12)

where:
n,— number of kernels ir-th fraction.

Change of the knife head speed in the range from 167.5 to 301s? rad
and in cob feeder speed from 0.31 to 0.98 htaused changes in the share of
kernel fractions in the classéBig. 53). In class | an increase was observed by
about 347%, and in class Ill — a decrease by about 65%.
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Fig. 53. Share of kernel fractions in classes
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Depending on the variety and the year of study, sthaere of kernel fraction
increased from about 14% (Jubilee, 2002) to ab6Ut BCandle, 2002) in class | and
decreased in the range from about 65% (Helena, 2002) to386uCandle, 2002) in
class lll. In class Il, whose share fell within tla@mge from about 40% (Candle, 2003,
@y = 234.6 rags™ andv, = 0.71 ms™) to about 71% (Candle, 2002 = 234.6 raes™
andv, = 0. 92 /s ), no clear increasing or decreasing trends wesergbd.

The results of analysis of variance for the dependent var{abkre of kernel
fraction in class If;,) showed that the strongest effect on the value of the variabl
was that of the knife head speeg (approx. 50% of the total variability of the
share of kernels in classf|) and of the year of tests (approx. 34%). In turn, for the
dependent variable - share of kernels in clagg, H the year (approx. 71%), and
for the dependent variable — share of kernels in cladg, It knife head speed
(approx. 58%) were the primary parameters that affected #hgess of the
dependent variable. Summing up, we can state that, on the b#sisasfalyses of
variance performed, the knife head speed had the strongedtaeffdwe share of
kernels in classes | and .

6.3.5.KERNRL QUALITY AT CUT-OFFPROCESS

On the basis of kernel sections, the kernel sedioface area was analyzed,
paying attention to the section smoothness andekanass loss. The condition of the
section of kernels detached was adopted as the& wid#he cutting process quality
(Fig. 54). Cutting process quality was acceptedy@sd if the kernel section was
smooth and without loss to the kernel mass. Evéigrsection qualified the kernel as
inferior quality. The share of such kernels waswated according to the formula:

n_—n
U, =-2 2100 (%) (13)

79
g

where:
N, — number of kernels of good quality [pcs.],
ng — number of kernels of inferior quality [pcs.].

Change in the knife head speed in the range fronb1® 301.2 rad™ and of
the cob feeder in the range from 0.31 to 0.9¢ waused a decrease in the share of
kernels of inferior quality,4 in the classes (Fig. 55). In class | the decreaseby
about 82%, in class Il by about 86% and in clasbylbbout 71%. With respect to
the variety studied and to the year of study, tHaegofU,, decreased in the range
from about 81% (Helena, 2003) to about 71% (Cargfl®3) in class I, from about
88% (Helena, 2003) to about 69% (Candle, 2003)aascll, and from about 71%
(Helena, 2002) to approximately 38% (Jubilee, 2008)ass lIl.



DYNAMICS STUDY 113
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Fig. 54. Surface of detached kernel

The results of analysis of variance showed thatainety had a fundamental effect
on the value ofJ, in class Ill (approx. 70% of the total variability U,). Both the
effect of the knife head speed and that of thefeetler turned out to be insignificant.
In classes | and I, in turn, the main parametat daused a decrease in the share of
kernels of inferior quality was the knife head sp&gpprox. 66% and 68% of the total
variability of Uyy),

10
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Fraction of kernel of inferior quality U,q (%)
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Fig. 55. Fraction of inferior quality kernélin classes



CHAPTER 7

METHODS OF SWEET CORN COB HARVEST

Correct ripening of sweet corn cobs depends on specific selecti@riefies,
size of cultivation area, observance of the optimum time ofelséing, and good
harvest organization. Corncobs can be harvested by hand, in tweerstages
depending on their ripening. In the first stage of harvest aboutd®3®e crop is
collected, in the second — 23%, and in the third — 12% [84,110,133,156].

Sweet corn cob of the right ripeness is characterized bydpdight brown, but
not wilted, stigmatism at the cob tip. The upper cover leavegale green in
colour, frequently with yellow or whitish tint. In some places, brownagled
tissue can be observed at the ends of the leaves. Moreover, #releares are
tightly wrapped around the cobs. The kernels are full and shiny, armdamrghed
there is a characteristic cracking sound and a liquid (not tol) timilky juice with
sweet taste seeps out. At the time the seed cover lesgdatophyll and assumes
a colouring that is characteristic for a given variety.

Sweet corn kernels that have not yet reached ripenesstlgjiv juice of a
grayish coulour and insipid taste, that rapidly darkens when expossar. In turn,
kernels of over-ripe sweet corn are matt, with no juicpage when crushed, with
the consistency of soft cottage cheese, and with low contestigafrs. Kernels
from cobs that are unripe or over-ripe cannot be used for canods. fSweet corn
producers can recognize when the corn has reached the cormeet degpeness.
When in doubt, one can spread the cover leaves at the top part adhbthend
estimate the degree of ripeness visually or on the basig ddketimel texture. Only
in really doubtful cases all the cover leaves can be removed from the cob.

In the case of one-stage harvest, it is recommended to sowantieties that
are characterized by uniform ripening of cobs, which permits dabgpof possibly
large amounts of homogeneous material of good quality. The highdiy qual
the best taste are characteristic of freshly picked cobenWtored at high
temperatures, sweet corn cobs rapidly lose their quality. §6). This fact
necessitates harvesting cobs directly prior to selling, lplgsthie day before. Sweet
corn harvest time is from July to September, i.e. in the sunpaeod that is
characterized by frequent occurrence of high temperatures.sirsithation it is
best to harvest corncobs in the morning or evening hours, when cobsa have
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relatively low temperature and will keep fresh for a longeetji#8,92]. In the case
when cobs are harvested at high temperature, or when their defvehy be
delayed by several days, they should be cooled down as soon afterthet as
possible. The simplest and most frequently used method of corncahgcal
splashing them with cold water (so-callagiro cooling). Next, the cobs are placed
in refrigerators where, at temperature &€ @nd at relative air humidity of about
95%, they can be stored for several days without any notataeadation of their
quality [20,97,159].

Number days of storage
0 1 2 3 4

—s—a —e—Db - 4-c —e- d

Fig. 56. Drop of the content of saccharose in sweet corndterat different temperatures of storage:
a) 0°C, b) 10°C, c) 20°C, d) 30°C

7.1. SWEET CORN COB HARVEST BY HAND

Until recently, harvesting sweet corn cobs by hand was the lavest
method used in sweet corn plantations all over the world. Onbntlgcthere
appeared modern harvesting machines that can replace human i#bahev
quality of cobs harvested being similar to those collected hg.hdowever, on
smaller plantations collecting sweet corn cobs by hand stilhires the only
harvest method in use.
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Manual picking of cobs is most often used in fasapplying them for direct
consumption, i.e. to the so-called fresh produceketa It permits directly for
preliminary selection of cobs and picking only #adkat are in the correct stage of
ripeness. This is highly important, as not all capen at the same time, and making
several passes over the plantation and selecting thosthabbge in the required stage
of ripeness guarantees obtaining the maximum wieldop of the highest quality. In
the cultivation of branching varieties, harvest fgnd is the only form of cob
harvesting possible, as the plants form severd ttwi ripen at different times.

The whole process of cob harvest by hand consists in cuttingothef€,
removing the cover leaves from the cobs collected, and thedimprary sorting. It
is a very tedious and labour-consuming process. Fast and réffigking of cobs
from the stems requires several operations to be made by tlmn gpensesting
sweet corn cobs. With harvesting cobs by hand from largeragilams, to make the
labour of the pickers more efficient special sets of himes are employed, so-
called mule-trains. Such a mule-train is made up of a truck or tractor combined
with a flat-bed trailer and side ,wings” on each side, coveringeific number of
corn plant rows. A team of 28 people, 16 of whom pick cobs off thessteorks
such a set, 11 sort the cobs picked and pack them into special contaiikersne
person is the driver. Each container takes 48 ripe corncobs,veimeh-filled — is
placed on the trailer moving along with the whole set. An efficieam can pick
and pack about 9 thousand containers with corn cobs [172].

Very often such mule-trains are used in two-stage harvesti@ét corn cobs.
In the first stage, usually about 50-65% of cobs are picked by hamaking those
in the optimum phase of ripeness and the most shapely. Afterasalays, the
remaining cobs are harvested by means of tractor-towed tiagr@sachines or
highly efficient self-propelled combines.

7.2. CORNCOB HARVEST WITH TRACTOR-TOWED HARVESTERS

Modern machines for corncob harvesting can beadiréotved or self-propelled.
Towed machines are usually single- or two-row rsters that have found the most
extensive application on farms with medium-sizedh caultivation areas varying from
several to under twenty hectares [95]. They takeditiving power from the towing
agricultural tractors. Frequently part of their giiis supported by the tractors, as
usually they have only one axle. The productivity of suchesters depends primarily
on the number of rows they are designed to haiwessingle pass, and varies within
the range of 0.2 — 0.6 hd, while their power requirement is usually on teeel of
about 45 kW. From among the whole family of tractor-towedamb harvesters a few
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deserve special attention. Figure 57 presents M@ Bingle-Row harvester for the
harvest of fresh corncobs, that provides high taiid productivity of work.

Fig. 57. Tractor-towed FMC Single-Row cob picker during lwot— single-row cob harvesting unit,
2 — cleaning unit, 3 — belt-slat conveyor [171]

The single-row tractor-towed FMC cob picker is made up of the cofestang
unit, cleaning unit, and belt-slat conveyor installed in the padrof the harvester,
that delivers the cobs picked onto a trailer attached anthefethe machine team.
Working assemblies of the harvester are powered by means afrauliy pump
driven by the power pick-up of the tractor. During harvester wthky are
controlled by the tractor driver via a control panel locatedthanfront of the
harvester. The harvester is also equipped with a system of aidatignment of
the cob-harvesting unit with the row of corn plants, which facilitates thlk. wo

Powered chain-and-paddle conveyors on both sides of the plant rowhéeed
plant stems to the cutting rollers. Rotary knives pull the stdown into the
harvesting unit until two moving holder belts set at an angleagcipb. These hold
the cob while it is being cut off from the stem by the knidders. Such an
arrangement permits limitation of damage to kernels to amimi. Depending on
cob size, the spacing of the holder belts is set so that cobs cannot drop out. Also the
spacing of the knife rollers with relation to the lower edgethe holder belts is
adjustable. This ensures short and accurate cutting of théernpvghich prevents
excessive and unnecessary loss of water and sugars from shancbionproves the
quality of the material harvested.

Corncobs cut from plant stems are transported to the cleaningvhiuh
incorporates an exhauster fan. The fan generates a strology ainfit sucks in
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leaves and residue of broken stem fragments from among thearabthen ejects
the collected debris outside. Corncobs cleaned in this mannercaed with the
belt-slat conveyor to a trailer or other means of transpbe single-row FMC cob
picker has a working speed of 5.6 ki) minimum turn radius of 6 m (for a set
including the tractor), and has adjustable wheel track (75-100 Tin&) basic
technical specification of the cob picker is given in Table 27.

Table 27. Technical data of FMC Single-Row cob picker [171]

Contents Units Technical data
Height of combine m 2,32
Length of combine m 7,8
Track of combine wheels m 1,94-2,28
Mass of combine kg 2177
Power consumption kw 45
Working speed kmh? to 8
Height of discharge m 2,32
Speed of PTO remin’ 540 or 1000
Efficiency of combine hat 0,2-0,4
Tearing off cobs’ set - rolls-knife
Number of harvested rows pcs 1
Place of cobs feeding - trailer

The machine is characterized by high maneuverability, simphgeitysafety of
operation, and low operational costs. Its effective productivit.% hah™, at
working speed of the tractor of 5 kM. Power requirements of the whole set is
kW. Technical data of the cob picker described is given in Table 28.

Table 28. Technical data of FMC - model 20 cob picker [171]

Contents Units of measure Technical data
Number of harvested rows pcs

Track of rows m 0,9-1,0
Number of cutting head pcs 2
Number of knives on head pcs 2
Width of knife mm 95
Length of knife mm 550
Own mass kg 2000
Total length of set m 9,22
Width of set m 2,54
Height of discharge m 4,07
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Somewhat different design features and operating principleharaateristic of
the cob picker type Pixall One-Row Pull-Pix. It is a single-roachine designed
primarily for harvesting corncobs in the milk ripeness phase (Fig. 58).

Fig. 58. Pixall One-Row Pull Pix cob picker during work [171

Tractors with minimum power of 30 kW can drive tt@mbine. Its productivity,
depending on the working conditions, varies from 0.4 th@®. Cobs, together with the
cover leaves, are cut off from the stems in a ap&noife roller assembly. The cutting
assembly is made up of two counter-rotating koifens, with ten knives each (Fig. 59).

Fig. 59. Set of knifes rollers for corncobs cutting [95]
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The cutting assembly is controlled hydraulically from thecttra platform,
which permits steeples control of working height within thegeafrom 8.5 to 56
cm. Moreover, the harvester has a two-stage cleanistgray made up of a fan,
with a diameter of 69 cm, generating airflow that evacuttedight fraction of
contaminants, and two vertical cob ejectors that separate dhihéaction. The
conveyor transporting cobs to a container is made of rubber eEmehich
effectively protects the cobs from mechanical damage. &hesster is adapted to
work in a variety of field conditions, in early morning hours andnight,
irrespective of the moisture of the cobs harvested. As the eigitiat get in direct
contact with the cobs are made of rubber or else are rubber-coated, anaidet effi
cleaning system removes all debris and contaminants, theriahdtarvested is
characterized by very high quality. The basic technical datahefntachine
described above are given in Table 29.

Table. 29. Technical data of Pixall One-Row cobs’ picker [171]

Contents Units Technical data
Number of harvested rows pcs 1
Power consumption kw 30
Working speed krh't to 5
Efficiency of combine hat 0,2-0,4
Cutting off cobs’ set - rolls-knives
Place of cobs feeding - reservoir
Mass of combine kg 1600

7.3. COMBINE HARVESTING OF SWEET CORN COBS

The short period of sweet corn cob harvest, asagetlhe fact that the cobs should
be harvested fast and under optimum weather condit{low temperature, no
precipitation, etc.) cause that on larger areatafimns tractor-towed harvesters or cob
more productive multi-row self-propelled combinevasters replace pickers.

Among lower-productivity combines for sweet corn cob harvestingheaild
mention the FMC—model 7. It is a self-propelled combine designeddohanized
harvest of corncobs from two plant rows with row spacing fromo7200 cm.
Optimum working speed of the combine is 5-6Hm Its advantage is the
possibility of working in various field conditions, as it Hasnt wheel drive and
independent-operation brakes that ensure high maneuverabilityfioultiterrain
conditions. It is also equipped with a self-dumping cob tank withpacity of 2.5
ton, which eliminates the need for using an additional tracttin wailer for
teamwork with the combine (tab. 30).
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Table 30. Technical data of FMC - model 7 combine [33]

Contents Units of measure Technical data
Height of combine m 3,7

Width of combine m 3,05

Track of rows m 0,75-1,0
Working speed kmh? 5-6

Mass (with load) t 6,2 (8,7)
Power consumption kW 75

The main working elements of the combine are the headiérseparators,
cob cutting heads, cleaning fan, belt-slat conveyor, andiadb with dumping
conveyor switched on for cobs discharge. Hydraulic motayarep all the
combine subassemblies, and the whole combine (inclutiieg main drive
system) is powered by a 75 kW diesel engine. The cutter Hemads special
hydraulic protection against damage in case of cobs jamnmiagstone getting
into the system.

Plants growing in rows are directed by the separator chairthe knife
rollers, where cobs are cut off from the lower partthefstems. Adjustable knife
length permits accurate cutting of the cob base st€hesremaining parts of the
stems together with the cobs are fed to special palttdims where the cobs get
separated from the upper stems. Then the cobs are directeda transport
conveyor onto which an air stream, generated by a fawsbto remove debris
and contaminants from the cobs. The combine ensures minohumechanical
damage to the material harvested. It is also equippddmadern and powerful
headlights that ensure high comfort of nighttime work. {@wer controlled
hydrostatic gearbox permits quick change of driving speed iagctidn.

Figure 60 presents a schematic of a self-propelledboenfor sweet corn
cob harvest. The basic working assemblies of the comhiiaede a row header
in which cobs are separated from corn stems, a clgaassembly made up of
three exhauster fans, a system of feeders and conveyossafjed transport of
the cobs harvested onto transport means, and a drive sgsbeiding power to
all the subassemblies. The design of the header perabtharvesting with plant
row spacing from 75 to 100 cm.
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Fig. 60. Schematic of corn cob harvesting combine: 1 —eknifilers, 2 — belt-paddle feeders, 3 —
toothed gears, 4 — auger feeder, 5 — belt-slateyamy 6 — transverse exhauster, 7 — toothed rolers
— central exhauster fan, 9 — central conveyor, $érver cylinder, 11— final exhauster, 12 — unlogdi

conveyor of cobs [40]

Fig. 61. Corn cob cutting assembly: 1 — rotary knife head; Fansverse conveyor, 3 — set of
stem guides, 4 — cob cut-off set, 5 — longitudowiveyor [40]

During the combine operation, the header separators engrawoeof plants and
then the belt-paddle feeders direct corn stemsdsgivtwo fixed guide rails. Figure
61 presents a schematic of operation of the heasfmbly for cob cutting from
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stems. In a combine equipped with this type of aghirgg assembly, the first step of
the process is directing plant stems between thg dfethe guide assembly, and the
second — stem cutting. Stem tops with cobs aretthesported to the rear section of
the header. On the way, cobs encounter resistaone the vertical rollers of the
cutter assembly. As a result, cobs are broken off the statrdregm onto a transverse
conveyor, which takes them to a longitudinal conveymt directs them to the
combine cob tank, or to a trailer moving alongside dbmbine. Stems after cob
separation exit the assembly and, depending on \whgtare meant for, fall to the
ground (usually after prior shredding) or are usedbdder.

In other designs of corn cob combine headers, rotating knife rplldrgorn
stems upwards into the bottom part of the header. When corncobs aaigeatat
the bottom of the guide runners, they are cut off from thessbgnthe knife rollers
(Fig. 62). A transverse screw feeder which passes them andbligue belt-slat
conveyor picks up cut-off cobs. Stems pushed under the header remind on the field.
Cobs ejected from the oblique conveyor pass through a strong airfiesaged by
a fan whose function is to separate light debris and contamiffiamts the
transported cobs. Upper parts of stems remaining with theacetseparated from
them by paddle drums and then sucked out, together with other debrig, by a
exhauster fan and directed outside the combine. Corncobs cleanes nmatiier
are transported on to a feeder cylinder and then on by a betbshkatyor to the
discharge conveyor that sends them out onto a trailer. Abovedderfcylinder
there is an additional fan whose function is to separate all nargaiontaminants
from the cobs. All the elements of the combine that come intotdioetact with
the harvested cobs are rubber coated or made of rubber to redudsktioé
mechanical damage to the cobs.

Fig. 62. Schematic of the operation of cob cutting assembly: belt-slat feeders, 2 — fixed guide
runner edges, 3 — knife rollers, 4 — corn stemcbra cob
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More and more frequently, modern headers are equipped with oblique belt
conveyors with vertical axes of rotation which protect ca@mels from damage
during cob cutting off. During combine operation (Fig. 63), rotating cpaddle
rakes direct corn stems to belt conveyors provided with spedgas at the lower
part. Next, rollers pull a corn plant beneath the header untihtdment when the
cob stops on the edges. At that moment the cob is cut off fronteifme and the
oblique feeders enclose the cob, protecting it from mechanicahgia The
application of belt conveyors in headers greatly improved the yualitthe
material harvested, not only through a reduction in the level of mechanical damage,
but also through more accurate cutting off of the cob base stiemsshelping in
the reduction of water and sugars losses [62,84].

Fig. 63. View of combine FMC Corn Comander during harvestingweet corn cobs [171]

The American company Pixall also offers multi-row self-propeltzmn
harvesters. The corn combine EL 30 HARVESTER presented in Figs &4 i
modern and highly efficient machine for harvesting corncobs fevget areas. It
is capable of an effective productivity of about 1.2hhaat the recommended
working speed of 4.5-6.5 K.

Depending on the type of header used, corn can be harvested frodnrdws
at the same time. In the combine modern materials have been osed f
manufacturing elements involved in cob cutting and transport, whiehtlgr
reduced the level of damage to the material harvested. Typith# combine
works in team with a towed trailer type Byron 3000 of 12 t logglacity, ensuring
long time of operation between cob unloading operations [62,172].
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Fig. 64. View of self-propelled combine EL 30 HARVESTER dgiwork [171]

Under favorable harvest conditions, cobs can be loaded digetthytransport
means. The cob cleaning system of the combine is made up of twowi#ims
diameters of 76 cm and 64 cm, respectively, which efficieatliyove all the debris
and conmainants that happen to be among the harvested cobs. Thanks to
independent drive system to each wheel and hydraulic controt afrive system,
header, and cob transport conveyors, work with the combine is natg load on
the operator under a variety of conditions, and the productivity ofagh#ine is
greatly enhanced (Tab. 31).

Table 31. Technical data of Pixall EL 30 HARVESTER [62]

Contents Units Technical data
Height of combine m 3,8
Lenght (with trailer) m 7,1(9,5)
Widht of combine m 3,4
Mass of combine t 12
Power of consumption kW 180

The application of modern technologies for corndpiaiion permits corn to be
harvested at planned times, even under less fdeotahditions, such as harvesting
at night, over soft fields, or at increased mosstoontent of the material harvested.
Additionally, they have no negative effect on thaldgy of harvested cobs.



CHAPTER 8

SWEET CORN COB PROCESSING TECHNOLOGY

8.1. CORNCOB HUSKING EQUIPMENT

Once corncobs are harvested, they are cleaneé obtrer leaves and stigmates.
As a rule, the process takes place on special cgkehs. An assembly for the
removal of cover leaves from sweet corncobs (Fig. i85nade up of a set of
longitudinal shafts or rollers, on the circumference oftWlihere are axial and radial
grooves which divide the shaft into cylindrical segms. The shafts can be circular
or elliptical in section. The shafts operate inrpa@ind rotate in opposing directions
and are set at close distance from each othergimwes can be parallel to the shaft
axis or follow a helical line. Separation of coveaves from the cob takes place
through mutually counter rotating movement of botibsc and shafts, and cobs
pulling in by the longitudinal edges on the shafts. Thegs® is more effective when
the base part of the cob is cut off before. Moreawereduce the resistance resulting
from shatft friction against the cover leaves anénbance the effectiveness of leaf
separation from cobs, cobs are wetted with waterttier process of cover leaf
removal. The shaft assembly is powered by an etegtotor and is usually set at a
suitable angle, doubling in function as feedercfulss to be husked.

Fig. 65. Corncob cover leaf removing assembly: 1— huskifigrsy 2 — corncobs, 3 — cover leaves [113]
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Most corn cutters used in the processing industry require thabtsehusked
should enter the husking assembly with their narrow end forward. eFigir
presents a schematic diagram of a device that performs uhetion. A belt
conveyor transports corncobs to rotary disc (table) that wiarkenjunction with
two rotating brushes. The function of the brushes is to pass theonalome by
one) to another conveyor that directs the cobs to a cob sorting and aligvitey de

Fig. 66. Device for corn cobs sorting and aligning: 1 —tooinsystem, 2 — rotary brushes, 3, 5, 7 —
conveyors of cobs, 4 — cutter, 6 — rotary dischefassembly, 8 — rotary disc for cobs alignmen8]11

Cob sorting consists in the use of an optical sensor which, dependihg on t
criterion value (cob thickness or length) controls the operind closing a
horizontal shutter. Opening of the shutter causes that a coltayeisd off to a
container. This happens with cobs that do not meet the paramete&hgtéer
closing, in turn, causes cobs to change their direction of moveirieey get onto
a rotating disc that is also an element of the cob alignsystém. If a cob on the
conveyor is oriented with its narrow end forward, the force semilodeflect by
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such a value that the cob slides over the inner circumference of the disc.c®bch a
is directed to the kernel cutter without any resistancén turn the cob on the
conveyor is oriented in the opposite direction, the optical semens the shutter
in such a way that the cob moves on the outer part (perinafténg disc. At a
certain point of the perimeter there is a cam that the cobipmavith the disc, will
come upon and that will cause is automatic turn over.

Another device, presented in Figure 67, is thesRatiade corncob husker, type
OLK-8. It is a highly efficient piece of equipment used fer $eparation of cover leaves
and stigmates from corncobs. The basic working exésnof the machine are counter
rotating husking rollers. Corncobs are directednimans of a belt-slat conveyor, to a
cutting assembly in which cob base stems are €wnof cover leaves are torn open.
Depending on the number of husking sections usedpttoductivity of the machine
varies from 4 to 20H™. Husking efficiency is over 90%, irrespective kué tondition of
the cover leaves and the cobs. The machine isentigjLset up in a production process
line, and cleaned cobs move on in the process thigilbusked cover leaves are removed
outside. This ensures rapid and smooth flow of esttsremoval of waste, as well as
effective and efficient operation of the whole @gging line.

Fig. 67. The OLK-8 husker for corncob cover leaves remo%al]

Corncobs husked of their cover leaves by meansshens are frequently subjected
to additional washing in order to remove possitldatamination or remnants of the
stigmates. This facilitates subsequent sortinghefdobs. In the course of the process
particular attention is paid to areas of damagleacobs, resulting from the process of
harvesting and processing, or caused by pestswa@siting is usually performed in the
course of transport from the husker. On the catispart conveyor special rollers are
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installed that cause the cobs to turn over. Abegedllers spraying nozzles are installed,
supplying water under pressure, and the rolling @k washed. Frequently, however,
special cob washing machines are used instead.

In practice, also combines for simultaneous hararét processing of sweet corn
cobs are used (Fig. 68). Such combines have a setbinigms that are responsible for
the acquisition of kernels (Fig. 69). Cobs severed buiLitier assembly is directed onto
a conveyor that sends them to the husker assentalgr (@aves and stigmates separated
from the cobs are transported by a conveyor outdittee combine — to the ground, to a
container, or onto a trailer. Husked cobs are dednt assembly that orients them the
narrow end toward the cutter knife heads. Next the cetdirected to the kernel cutters
were corn kernels are detached from the cob cbetached kernels are moved to the
main tank of the combine, in which they transpoftech the field to their destination.
Kernels in the intermediate tanks and in the naitk fare subjected to the action of a
cooling agent, generated by a condenser. Cob corgea@mlewhole or after shredding,
onto the field. The operation of such a combineireg a crew of at least 3 persons.

5 3 4 6

Fig. 68. The scheme of combine to cobs harvesting and leroetting off from their cores:
1 — set of tearing off cobs, 2 — set of tearingooffer leaves, 3 — conveyor of cobs, 4 — set tifngu
off kernels, 5 — reservoir of kernels, 6 — the shield [53]
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Fig. 69. The scheme of self-propelled set to logging preces kernels: 1 — feeder of cobs,
2 — vibratory table, 3 — shoots channel, 4 — husk#ls, 5 — selective table, 6 — arrangement of
steering cobs, 7 — conveyor of wastes, 8 — feefleolas, 9 — cutter of kernels, 10 — indirect resérv
of kernels, 11 — feeder of kernels, 12 — reservbkernels, 13 — the condenser [53]
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8.2. CUTTERSAND EQUIPMENT FOR CUT-OFF THE SWEET CORN KERNEL

Detachment of kernels from corncob cores is efteotespecial machines known
as kernel cutters. To obtain kernels of high quatihe working elements of such
machines should be carefully adjusted so thahalkernels are cut off as close to the
cob core as possible, but without cutting off thb busks whose presence among the
kernels acquired worsens the quality of the produiatil recently it was recommended
that kernels should be cut off at 2/3 of their tbngith the kernel germs remaining on
the cob core, as predominant in corn productiorewerieties with long cob husks.
New hybrid varieties of corn are free of that defand to increase the amount of
material acquired cutter knifes are set to the mari length of kernels detached. Care
must be taken that the cut through the kernel lm#mwithout tearing the seed cover,
and set so that no thick cob husks are among thmelkedetached. This requires
frequent sharpening of the cutter knives.

Fig. 70. The cutter of sweet corn’s kernels of STELMACH: ®lectric motor, 2 — hyphen,
3 — casing, 4 — knife head, 5 — chain feeder, lfasis [171]

Adjustment of the working elements of the kernel cutter shoeldmiade
suitably to changes in the dimensions and properties of the ahgtescessed.
Corn cobs should oriented with their narrower end towards the ttser, as in
that position the cutter knives adapt better to correct dethoh kernels. During
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kernel cutter operation, it is necessary to systematiadbck all the moving
elements of the machine, and to clean and lubricate as requimed.has an
immense effect on the quality of kernels detached, as withutter biead dirty the
positions of cutter knives take longer to adjust to the charmpbgdiameter, and
them may result in increased amount of incorrectly cut &éfrnels

[35,112,114,116]. An overall view and a description of the structure tdla&h

kernel cutter can be found in Figure 70.
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Fig. 71. Schematic of sweet corn kernel cutter: 1 — khéad, 2 — cob, 3 — feeder of cobs, 4 — rollers of
copying system, 5 — removing rollers of cob cofs; levers of copying system, 7 — electric matd5]

The kernel cutter is made up of an electric motor, coupling, casiifg head,
chain feeder, main casing, and base. The main casing consikts ggar casing
and a lever for engaging the copying rollers. Inside the gesiing there is a worm
which, by means of worm racks, drives six cob transport ralledsthe cob feeder.
All the worm racks are installed on shafts by means of spiimg On the worm a
pulley is mounted, which — by means of a belt transmission — dfieesopying
assembly of the cutter head. The electric motor is coupled towtren
transmission by means of an elastic coupling. Additionally, yetem is provided
with a hand-drive wheel.

Inside the corn kernel cutter casing (fig. 71) ¢hier head is installed, as well as
three pairs of cob transport rollers, with spesigikes for cob transport within the
cutter head. Two pairs of rollers are installedframt of the cutter head, and one
behind. Moreover, in the casing there are threetipiy screens with a chute,
preventing corn kernels from dripping out of thenlet cutter. The chain feeder is
bolted onto the head casing. It is made up of treefdaousing, in which a cogwheel is
mounted on a drive shaft, and a tensioning wheealroexcentric shaft. Between the
wheels two roller chains are stretched, used forao transport. The excentric shaft
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provides correct tensioning of the chains, andsttreens running along the chains
prevent corncobs from falling out. Between the cewpghd the head casing there is the
head drive and control assembly. It is made upafupling sleeve on which a pulley

is mounted, receiving drive from the electric mofine sleeve is also coupled to the
cogwheel which provides direct drive to the cultead. The whole sleeve assembly is
mounted on a shaft between the coupler and thedaséaty. On the same shaft another
cog-wheel is installed, that controls the spacingtlte cutting head knives, and a
special driving dog causing the shaft to rotat¢thatsame speed as the pulley that
provides drive to the whole system. Moreover, anghaft there is also an additional

control disc, coupled to the pulley and to theidgwdog. The disc is coupled, via a

system of pull rods, with two control turn knobs.

The electric motor, with the bolted coupler, knife head and feelder, is
mounted on the main casing which is installed on the base. Thefebder into
the casing in which the cutter head is installed feeds cornbwide the casing, in
front of the head there are two pairs of transport nolghich take cobs off the
feeder and pass them on to the cutter head. After kernelgcoff, cob cores are
ejected by a set of two rollers installed behind the head. Kdetathed from the
cores fall out of the bottom of the head casing. The spacirgdfansport rollers
is automatically adjusted to cob diameters, which perminaatic adjustment of
the spacing of knives in the cutter head.

Table 32. Technical data of STELMACH corn kernel cutter [171]

Contents Units of measure Technical data
Total length with feeder mm 1680
Width of cutter mm 768

Total height mm 1461

Height of feeder from floor mm 1048
Power consumption kW 1,5
Efficiency of cutter cobmin® 80

Total mass kg 315

The operating principle of the mechanism is as follows. Spreading of the
cob transport rollers, via a system of levers and pull rodsamsmitted onto the
shaft of the cutter heed control mechanism, and then, through thegokausing,
onto the drive system disc. Linear motion of the disc protrusmregtdd between
the driving dog and the pulley blocks causes angular movement obiitelc
cogwheel relative to the drive cogwheel of the cutter head. Géhises an increase
in the space between the cutter knives in the head. Thankstodesn design, the
cutter is highly efficient and at the same time easy toadpend to maintain. The
basic technical specification of the corn kernel cutter is givenbeT32.
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The head is the fundamental working element of cutters fordtaetliment of
kernels from corncob cores. It has six special knives, axiallalied, and a
mechanism for their automatic positioning with relation to thediameters. It is
made of corrosion resistant materials and its design perafiid replacement of
knives when they need sharpening. A schematic of the structuréheof
STELMACH kernel cutter head is presented in Figure 72.
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Fig. 72. Cutting head: 1 — trunk, 2 — regulating cog-whgel,collar, 4—cover, 5—dial, 6 — knife, 7 — dthjel
8 — driving cog-wheel, 9 — establishing ring, he tange of automatic control of knives (2060 mm)

The sharpening the knives from the cutter head is performed omlspec
sharpeners that ensure correct incision angles of the kitifiegcedges and their
correct sharpness directly before their installation éndiitter head. The shape and
geometry of a knife for corn kernel cutting is presented in Figure 73.
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Fig. 73. The shape and geometry of knife's cutting off
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Very similar to the STELMACH corn kernel cutter in terwisstructure and
operating principle is the FMC S.C.-120 kernel cutter. Itscheshnical data are
given in table 33, and a general view of the kernel cutteresepted in Figure 74.
The machine is made up a chassis, casing, built-in electric nootter head, and
chain cob feeder that feed corncobs to the knife head.

Table 33. Technical data of kernels cutter of FMC S.C. — [llZA1]

Contents Units Technical data
Lenght mm 1372
Width mm 832

Height mm 572
Power consumption kw 2,25
Efficiency cobsnin’? 60-90

Mass kg 225

Fig. 74. The cutter of corn kernels of FMC S.C. — 120 [171]
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8.3. SWEET CORN CUTTING AND KERNEL REMOVING FROM THE CoB CORES

Two methods are used for sweet corn kernels detachment fronoiesh-mone
consisting in kernel cutting off, and the other in breaking kernels off cob.cidie
kernel cutting process, realized by means of conventional machsn#escribed in
numerous publications [62,77,116]. In the first method, kernel detachiment
effected by cutting kernels off above the cob core surface dgnsnof knives
moving along a rotating cob [35]. As a result, a part of th@élegerm and a
section of the kernel are left on the cob core. The rotargydspethe cob and the
linear motion of the knives are powered by an electric motor.shbetcoming of
the method is the lack of possibility of obtaining high rateprofluctivity. Every
cob has to be carefully fixed in the grip and accurately positiastdrelation to
the knife assembly. Therefore, kernel cutters operating innthisner have not
found a broader application on the industrial scale.

Another design of kernel cutter ensured an improvenie kernel cutting
process productivity. In that machine a set of&tigads was employed, as well as
copying (repeater) system, permitting better adaptad cob diameter and ensuring
deeper and more efficient cutting off the corn késnin that method the cob moves
longitudinally in front of a rotating knife headsAa result of the knife head rotation
at 1200 r.p.m., the knives, set in their socketh &icertain freedom of movement,
are subject to the effect of centrifugal force ttetises them to swing out and adapt
to the cob diameter. The value of the knife swing@siricted by the copying system,
made up of two rollers linked - by means of levergith the knife head. Increase in
cob diameter is accompanied by a change in théveelabsition of the rollers and a
corresponding change in the position of the knietative to the cob. The machine
makes use of a dual set of knife heads. The feadiperforms kernel cutting off
from cob cores, and the second scrapes off the pakernels that remained on the
cob cores [82].

In Felstehausen’s design [40] a different methocbbf introduction into the cutting
assembly was employed, and the cutting assemblfigsalso of a different structure.
As opposed to the designs described above, thisimeadoes not require that cobs
should be aligned with their tips toward the cgttassembly, but can face the knives
with any end. Moreover, the design of the machimpleys a different setup of knives
and a different copying system, thanks to whichptteeess is much more efficient and
productive.

Numerous machines have been designed for detaching unripe keomels f
corncob cores. Some of those machines have been subsequently immoved f
application in industry, for which the kernels were acquired forswamption
purposes, or in agriculture, where such kernels were used forosefedder.
However, many of those machines were characterized by lowieeffy or high
level of damage to kernels. Moreover, the machines werktendile enough to be
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used for cobs of varying shapes and were not very efficienttachiag all the
kernels from cob cores. Knives used in the machines could not\adih@nough

to the shapes of the cobs. This caused a situation where sonedskwvere cut off
too high, with considerable parts of the kernels remaining onottes,cwhile other
kernels were not cut off at all. Application of knives with curved bladdsspring-

loaded for better contact with the cobs did not provide a aetis¥ solution to the
problem. Also, the process of kernel cutting was layout consuanidgrequently
far from safe for the operators [35]. These shortcomings enfdineedecessity of
searching for other solutions that would increase the efficiemicykernel

detachment and reduce the quantitative losses of kernels [62,84].

In practice, the process of kernel detachment from cob cores alkce
through kernel cutting off; therefore this analysis is concernmdapty with the
cutting process. Methods permitting kernel detachment withouingugtermit
limitation of losses on the one hand, and improvement of productivitiyeoather
[157]. Among the methods consisting in kernel breaking off from cobscare
can distinguish corn kernel detachment by means of conventioriphesu used
for corn threshing for seed, and by means of special equipment. finsthease,
kernels are subjected to fast surface freezing by means of a mfagergent [26)].
Such an operation ensures increased and uniform hardness of kemegls
increased spacing between kernels in the cob, which permitkethels to be
detached from cob cores in the traditional way [156]. In the otmar, ¢the special
equipment permits kernels detachment from cob cores by meansesfea of
bands moving alternately [114]. Prior to such a process of kdetathment from
cob cores, the cobs are longitudinally cut in halves.

The method consisting in the detachment of frozemeds in conventional
threshing machines involved high expenditure ofrgneand is very costly [27].
Energy is used for the process of freezing, reingeand washing. Increased energy
requirements result also from heat exchange wahctibs [102]. Financial costs, in
turn, are related to the freezing process itselfthe consumption of considerable
quantities of the freezing agent and of water resogdor kernel washing. Moreover,
there is the risk of contaminating the kernels whid refrigeration agent [169{ernel
detachment with the method described by RobertsdriFarkas [114] is characterized
by high-energy consumption, related mainly with dwddving. This shortcoming
causes that the method does not find a broadecatimh in practice, even though it
provides kernel losses limitation to a minimumithe methods kernels are detached
whole. There are no cut surfaces, so there is ice geepage. Absence of losses to
germs, parenchyma and juice of corn kernel regulisiprovement of its nutritional
value. In the method, compared to the method afdkatetachment through cutting,
there is a reduction of liqguid components by al&i% and an increase in the kernel
mass efficiency by 20%. According to Robertson arkas [114], the method can be
successfully used for the detachment of kernels different levels of ripeness, force
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of kernel to core bond, and kernel length and widilnes. Thanks to this, kernels can
be detached from cob cores under field conditions.

Sweet corn is a material characterized by a high conteparté that are not
subject to processing [81]. Such parts, including cover leaves,oteb and base
stems, constitute 50-60% of the mass of cob [15,163]. Kernelsjtatngtabout
70% of the husked cob, are detached only in 60-70 %. The part of kénael
remind on the cob cores is usually never utilized [18,20,114].

The rate of kernels recovery in industry usually does not ext@é6. Losses
occur not only in the course of kernel cutting off, but also r@salt of subsequent
processing of kernels (washing, blanching), during their contabtwater [113].
This fact partially results from the deficiency of the king elements of machines,
but also from the very nature of kernel attachment on cob.chsesan be seen in
Figure 75, the lower part of the kernel is set in the cob cdoevbiae limit of
maximum depth of cutter knife operation.

Fig. 75. Schematic of kernel location in the cob core: dndosperm, 2 — location of kernel cutting
plane, 3 — cob core, 4 — germ [156]

This causes that there is no possibility of cuttifigthe part of kernel that is set
in the cob core without the knives penetrating tlaed core itself [110]. Kernel
cutting together with parts of the core leads webwated wears of the knives on the
one hand, and to unnecessary cutting of lignifieek dractions on the other. These
fractions, sometimes adhering very strongly to kieenels, are hard to remove
[40,84,118]. Therefore, as a rule only the uppetspaf the kernels are cut off (about
20-30%). The remaining parts of the kernels, togettith a part of the valuable
germ, remain on the cob cores. This causes a fedumxith in the amount of kernels
cut off, and in the nutritional value and taste ligyaof the kernels. Moreover,
according to Dougherty [31], kernels cut off at cotre surface usually have
uncovered parenchyma that is susceptible to wasbingin the course of the
processes of blanching and rinsing, while kernelsaéf below cob core surface
contain the undesirable lignified kernel rachisesch kernels cannot be stored in
fresh condition. The period of storage life is alswited by high content of oil,
mainly in the germs of kernels. This can be thagrdor the occurrence of rancid
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kernels during extended periods to their processittigout it is kernels on cobs that
are especially susceptible to that phenomenon [B@foubtedly, direct action of
cutting knives on corn kernels may raise resermaticom the sanitary point of view
[157]. In spite of the numerous deficiencies of thethod compared to other
methods, it is characterized by relatively low giyerequirements and ensures high
process efficiency, achieving average levels afoup60 cobs per minute, which is a
significant advantage on the industrial scale [110]

Attempts are also made at the application of other methadswvtuld cause
the detachment of complete kernels and thus limit the losskeuglt complete
kernels, with the hard rachis, require additional operations towethe rachis. To
improve the kernel cut-off process efficiency, various messare tested that
concern both modifications to the cutters, and improvement of the mogutadl
features of cobs and have working conditions. Such measures include
1. Combination of kernel cutting off with the scrapiofgcob core. Such a solution is

used in machines designed by Kerr [61] and Ral@f][Zand by Kessler and Harry

[62]. The machines are equipped with two knife se&he cuts off the kernels,

and the other — with different knives — scrapesréimeaining parts of kernels off

the cores. Such form of kernels is used for sedalle cream.

Fig. 76. The cutting head equipped with six knifes

2. Application of various geometry of knives and copying systemsuréeng
better adaptation to cob shape. Ralph [107] reports that theeréficiof the
kernel cutting process largely depends on the sensitivity afdpging system
and the knife positioning mechanism. Maruska [84], on the other hand,
emphasizes the fact that knife setting uniformity as a®lblade geometry has
a significant effect on the quantity and quality of kernelsofutVariability of
cob shapes and knife contact with hard cores accelerate kmifing, which
deteriorates the process of kernel cutting. Sharpening causesiction of the
active length of knife blades, but also prevents the mainterdribe original
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geometry of the cutting edge, so important for the processélkeutting off.

In his proposed solution, the knife blades are replaceable and |éss/e

complex geometry, as well as thinner and more flexible (Fig. T8)s

facilitates the replacement of knives and maintenance obrigmal cutting
edge geometry, a change of which would have a significantt effeche
process of kernel cutting.

Felstehausen [40] is of the opinion that the above modificationtte#rdnives
does not provide a solution to the problem, as they get blunted sy case, and
additionally are prone to frequent blade chipping or cracking.cbnsequence is
both damage to the cobs and accelerated blunting of knives. The adtisoalso
that the type of knife used has a fundamental effect both oquidéy of cutting
and on the resultant cutting resistance. This fact resuitsaply from the
irregularity of cob shape. The tapering shape of corncobs cahegedhe knives
cut off not just the kernels, but also fragments of the haater All of this results
in accelerated blunting of knives and deterioration of kernel cutting quality.

Fig. 77. The kernel cutter of sweet corn

Kessler and Harry [62] point out the fact thatpihecision of kernel cutting off and
the level of kernel losses are affected to a sagmif degree also by the systems of
rollers transporting cobs to the cutter head, drtieocopying rollers responsible for
correct positioning of knives in the cutter healde Effect of centrifugal force on the
knives during the rotation of the cutter had charthe desired setting of the knives,
with resulting shallowing of the depth of kernetting. In the modification presented
by the author, a hydraulic motor controls the systef cob transport rollers and
copying rollers. This ensured very accurate reproln of the cob surface by the
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copying rollers, and thus also better knife fitting to temkl-cutting surface. The final

effect was improved efficiency of the kernel cugtjprocess.

In the solution presented by Ross [116] (Fig. 77), the movement of cobs
towards the knife head is controlled by a force sensor, whichifsestopping the
cob movement in a situation when the preceding cob in still ircaltter head.
Such a solution protects the system from cob jamming in ther dugted and
ensures more efficient kernel cutting off.

3. Blanching of cobs before the cutting and rinsing. This operation esdihe
losses by 50%. It also causes increased firmness of kernels, and therééore be
kernel cutting off from cob cores [124]. Blanching, through so-called
precipitation of starch, reduces liquid losses of kernelutiir washing out
[122]. The level of liquid losses is also affected by the sampehapplication
of the rinsing and blanching operations in corn kernel processing TB#].
application of blanching before cutting and rinsing, as opposed to htgnchi
after cutting and rinsing, reduces the losses by 10-21% [18].

4. Choice of suitable corn varieties, characterizectylindrical cobs and uniform
kernels [153] and introduction of varieties geraljcmodified [119,164]. Such
varieties include husk-less varieties that allowdasier and deeper cutting off of
kernels [46].

5. Delayed time of corn harvest. This is related to a drop in keroistune and is
conducive to easier kernel cutting off and to a reduction of loss of internal part
of kernels [87].

6. Use of water in the3 process of kernel cutting off. The actioa stfeam of
water on the knife head reduces work resistance for the kttieesselves as
well as for the whole cutting process, resulting from fragseof kernels
penetrating between the moving working elements of the cutter [137].
Mechanical detachment of kernels from cob cores through the prates

cutting results in the appearance of quantitative losses aledesoration of the

nutritional quality of the kernels, both in the course of the mmytprocess and
during subsequent operations of rinsing and sorting. In their studyrtRmiband

Lazar [111] used various combinations of kernel detachment anésging. They

proposed the following variants of studies:

1. kernel cutting off:
a) conventional method (cutting, rinsing, blanching),
b) modified conventional method (blanching, cutting, rinsing),
2. detachment of complete kernels (breaking off):
a) cob drilling, longitudinal cob halving, abrasa@rface effect, rinsing, blanching,
b) modified method A (drilling, blanching, halvindgtachment, rinsing),
¢) modified method B (blanching, drilling, halvirdgtachment, rinsing).
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The modified methods were characterized by lowssds of liquid seepage by 81—
84% in the course of rinsing with relation to thenwentional methods. Also in the
process of blanching the level of losses was loyerd8-75%. The kernel mass
efficiency for the particular sequences of kernmecessing was 20-30% higher in the
case of the methods of complete kernel detachr@ant2p, 2c). The efficiency of the
modified conventional method 1b was 4% lower theat of the conventional method
la. The authors suggest that this could have besad:ay the reduced speed of cutting,
resulting from increased hardness of kernels dahjeio blanching. For the particular
sequences of operations, the weight of 100 kewesdsas follows: 1a - 8,8 g, 1b - 7,4 g,
2a-1049g,2b-95gand2c-9,5g.

Classification of kernels was made with respe¢héir cutting: a) cutting above
the germ, b) cutting across the germ, and to thremking off: ¢) complete kernels
without rachis, d) complete kernels with pedicelad e) complete kernels with
rachis and pedicels. The moisture of the kernels wespectively: 66.0; 68.3; 70.4;
71.0 and 71.6%. Adopting kernels e) as 100%, tlewimg mass values were
obtained: a) 33%, b) 66%, c) 97%, d) 98%. The cundé fiber was: a) 0.58%, b)
0.66%, c) 0.76%, d) 0.78%, e) 1.1% and the content of nitrege€n64%, b) 0.64%,
c) 0.62%, d) 0.56%, e) 0.52%. The more biologicaltamal is bound with the
kernels, the higher its mass and the greater their contébenfHigher fiber content
in kernels may indicate their better health propsii82].

Kernels with moisture content of 69.7%, cut off in the conventioraimar,
constituted 67% of mass, and on the cobs there remained 33% of kerg@atithas
moisture content of 79.7%. On the basis of comparative stutlid, [it was
observed that detachment of complete kernels, as opposed to daftired off,
results in a reduction in kernel losses by 80% with rinsing an®d8 with
blanching. Also notable is the increase in the mass efficiency of kerbgl20%.

The process of kernels detachment is also significaffected by the hardness of
the seed cover which tends to increase with keipehing. Increased seed cover
hardness requires greater force to detach kernelscfsbroores. The efficiency of kernel
detachment is also related to the structure ofekéncob core bond. The structure is
different in different corn varieties [66]. In higudies, Galinat [47] observed that
blanching of halved corncobs affected the leveloofe necessary for detachment of
kernels (with moisture of 74-76%) from cob cord®e Torce value depended on the time
of cob blanching and decreased by 24% at blanchiregion of 30 s, by 33.2% at 60 s,
by 49.1% at 120 s and by 50,2% at blanching laging80 s.

Factors that reduce the kernel to cob core borue fisult from physicochemical
changes causing hardening of the seed cover, changfee consistency of the
parenchyma to more jelly-like starch, and weakenifigenzyme activity [19].
Dougherty [31] studied corn cobs commonly used focgssing industry and,
experimentally, cobs of husk-less varieties, witm&kemoisture content of 70-74%. In
his studies he employed the following methods ofiédedetachment:
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a) cutting off by means of FMC-model 1T 152 cutter - normdirguiclose to
the cob core,

b) deep cutting off,
c) kernel detachment through the application of cob core drilling,
d) kernel detachment from longitudinally halved cobs through friction.

Kernels detached were subjected to rinsing, blanching, and rfgeethe
results of the study are presented in Table 34.

Table 34. Losses of kernel (%), [31]

Treatment Regular cutting Deeper cutting  Cob hadlgw Kernel friction
Preliminary 38 46 46 41
Washing 36 a7 50 43
Blanching 35 44 47 43
Freezing 32 40 43 39

Table 35 presents the percentages of kernels Gutafplete kernels and cob
fragments in kernel mass detached with the metbpdsified above. The depth of
kernel cutting must be precisely determined, wligchot possible in practice. If the
cutting depth is too shallow, a large amount oh&ky remain on the cob cores, and in
subsequent operation, especially those of ringidigcéeaning, a lot of starch is lost, as
well as of the kernel germs. If the cutting is tdeep, together with undesirable
fragments of cob cores complete kernels are atdaded in the kernel mass detached.

Table 35. Participation of corn kernel for different cut-affethod (%)[31]

Kernel
Kernel cutting method ] Parts of cob
Dent Whole With seat Damaged
Regular cutting 80 12 0 3 6
Deeper cutting 41 37 13 4 4
Cob hollowing 22 59 23 1 2
Kernel friction 0 95 3 1 1

Felczyiski et al. [39] point out that the content of ssgarkernels from the lower half
of the cob is higher than in those from the uppet. They also observed higher sugar
content in kernels cut deep from the cob core urkgld out as a whole than in kernels
detached from the cob core by shallow cutting. dfbeg, their recommendation for the
technological process is to cut off the kernelsdesp as possible. The corn kernel
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detachment device presented below (Fig. 78) was fesestudy on the effect of speed
on the quality of kernels detached.
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Fig. 78. Schematic of stand for rotational detaching ceamfthe cob: 1- cob, 2 — medium speed
rollers, 3 — high speed rollers, 4 — low speeckrsl[4]

The force that causes kernel detachment actstatia sianner, and the process of
detachment began at one end of the cob and predrasshe other cob end along a
spiral line. The device is mad up of three rolleiith the same direction of rotation but
different speeds, with diameters of 9 cm and leraftilO cm, set at an angle of
0.35 rad. The surface of the rollers was coated with crimggser, the crimps being 1
cm in pitch and 0.5 cm in height. Four levels diersspeed were applied - 900, 1000,
1100 and 1200 r.p.m. The corncobs used for the est moisture content levels of 16,
18, 20, 22 and 24%. The authors found that an aserén roller speed caused an
increase in kernel detachment efficiency, a redndth energy consumption, and an
increase in process productivity. Kernels with moestontent above 20% were harder
to detach, especially at low roller speeds (belo®@7p.m.). At higher kernel moisture
content levels (above 20%) the process of kerrtatenent was much slower than in
the case of dry corn.

Detachment of kernels from cob cores requires fipdication of a certain force
whose level depends on the method of detachmennastibe selected so as to cause
the least damage to the kernels possible. The ghthe force is much lower when the
direction of its application to the kernel is tanti@ rather than radial. Detachment
force of lower value causes less damage to theekedetached [6]. In a later study
[112], 44 sweet corn cobs were divided into two groups - A and Biidéan diameter
of the cobs was 4.41 cm. Cobs included in groupitigse weight was 4.17 kg, were
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subjected to longitudinal drilling, the hole diasretbeing 4.75 mm. Their mass
decreased to 4.15 kg. The remaining 22 cobs wétarspalf by means of a wedge.
Their mass was 4.08 kg. A force with a value 062440 N was applied by hand to
each kernel individually, beginning with kernelsdted on the extremes, which were
detached whole. The weight of 100 kernels was 40@roup B, with a mass of
4.18 kg, was the control sample. Kernels from tlead®s were cut off by means of a
corn kernel cutter. Only the upper parts of thenddsr were detached from the cob
cores. The weight of 100 kernels was 32.6 g. Nestample of kernels (2.6 kg) from
group A was subjected to rinsing in 25 | of coldtevaand then to blanching in the
same quantity of water. The authors found thathin water after the rinsing and
blanching of cut kernels, with respect to kernetsached whole, there was 70% more
of valuable nutritional components.

Kernel losses occurring in the course of kernel cut-off psyces well as the
considerable share of unusable parts of the cobs (cover leaves,raohés) cause
that in courtiers with large areas of sweet corn cultwva(USA, France) the
processes of cob harvesting and kernel cutting off are combiBgddat kernels
constitute approximately 25-30% of the mass of the whole cob, Vilgileare and
the cover leaves about 70%. Therefore, in order to avoid tramgpaitie
unnecessary mass of corn cobs (70-75%) from the field to sometistast
processing plants, combines are employed for simultaneous cob lzarddgarnel
detachment [53,159].



CHAPTERY9

ANALYSISOF THE PROCESSOF MECHANICAL
DETACHMENT OF SWEET CORN KERNELS

The mechanical properties of sweet corn kernelsharglecisive factor affecting the
process of corn kernels cutting off from the colesd129], therefore the study of the
process of mechanical detachment of kernels fromaopes was preceded with the
determination of the values of selected mechapiogkerties of kernels.

Assessment of the results obtained was made on the basis roethed of
single-element analysis of variance. In the case of findigwjfiiant differences
between objects on the basis of the test of significance Rtitgiae analysis was
made on the basis Tukey's intervals of credibility for #ineel of significancex =
0.05. The accuracy of the results of particular measuremessadditionally
qualified by giving the values of standard deviation for the agtlimmean and the
lowest and highest values of a given set of values.

9.1. EFFECT OF HARVEST TIME ON QUALITY, PHYSICAL PROPERTIESAND
DETACHMENT PROCESS OF SWEET CORN KERNELS

To determine the effect of harvest time on theeslof forces of sweet corn kernel
cutting, penetration and compression, mechanicals tavere performed on a
measurement stand composed of an Instron 6023 tirester and a set of control and
recording apparatus. The strength tester permits tr@rperice of tests on corn kernels,
but the tests included in this study required tivattensometric head and the permanent
elements of the machine be additionally equippel suitable fixtures for the samples
tested and suitable accessory equipment for thpriatation of the results obtained [92].
The main body of the tests was conducted at ligessdsof the strength tester head of 50
mmmin® and at a load level of 100 N. The result of theasneements was the
determination, in particular tests, of such mect@nproperties of corn kernels as the
force, energy, modulus of elasticity, and deforamatirhe results of the tests for the force
and energy are presented in a graphic form, arse tfaw the modulus of elasticity and
deformation — in the form of tables [93,129].
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9.1.1. KERNEL QUALITY AND CONTENT OFSUGARS

In agricultural practice several methods are used to éxtenperiod of sweet
corn cobs supply [154]. Under the conditions of Polandy tisually permit for
fresh sweet corn cobs supply to be available from mid falyhe end of
September, and if cold storage methods are employed, eveéhe end of
October. Warzecha [154] recommends the following methmgeet corn
cultivation from seedlings, earlier sowing of seeds of eanlyn varieties under
foil or unwoven fabric covering, sowing of varieties withfeient length of the
vegetation period, delayed sowing — but not more thathtllend of May or the
first days of June.

Sweet corn attains its consumption and processing ripemgiSin 24 to 28
days from blooming that is from the appearance of sttgmand the browning of
the stigmates manifests ripeness. In the phase ofnidte ripeness, kernels
assume yellow-gold colouring. The time of harvest not ordyemines the
physical properties of sweet corn cobs and kernels, botgaliserally affects the
mechanical strength of the kernels. Although the timeawfdst mainly affects
the mechanical properties of kernels, one should also expeatical changes
related to the ripeness stage, and for this reason thentasft carbohydrates in
the kernels was also determined (Tab.36), as were Hhysigal features
describing the morphological characteristics of cobs (Tah.i3. the length,
diameter and mass of corn cobs, number of kernel rows@amtber of kernels in
a row, as well as the percentage share of kernels im#ss of cobs. The tests
were performed on sweet corn cobs of the Candle vari@brncobs were
harvested at three harvest times (terms) during 2 wéadlesharvest was begun
when the kernels reached optimum technological riperegbwas continued at
one-week intervals. In the 3rd harvest time, approximatelyB&tveet corn cobs
were characterized by concave kernel surface. During theedtathe average
kernel moisture was 76.7% for harvest time |, 72.3% fowdst time II, and
69.2% for harvest time lll.

Table 36. Content of carbohydrates for different harvesnter

Content of Content of Content of Content of all

Term of harvest reducing sugars, saccharose, starch, sugars
(9/100g s.m.*) (9/100g s.m.) (g/100g s.m.) (9/100g s.m.)

| 9,2 12,3 13,6 35,1

Il 7,6 8,4 16,4 32,4

1] 6,7 6,9 24,7 35,3

*s.m. — dry matter
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Table 37. Characteristics of physical properties of cobs lerthels of sweet corn

Contents Results

From To Mean
Cob mass with leaves, (g) 278,1 436,2 352,2
Cob mass without leaves, (g) 301,1 399,2 332,1
Mass of 1000 kernels, (g) 445,2 454,2 4487
Part of kernels in cob, (%) 68,3 73,4 72,6
Moisture of kernel, (%) 68,2 78,7 73,5
Cob lenght, (cm) 18,4 24,6 19,8
Cob diameter, (mm) 46,8 52,3 49,8
Mean lenght of kernel, (mm) 4.8 11,6 9,2
Number of kernels for row, (pcs) 34,5 44,1 36,4
Number of kernel rows, (pcs) 12,2 16,6 14,2

9.1.2. MECHANICAL PROPERTIES OFKERNELS

The measurement values obtained in the particulas sdsiwed a relatively
high scatter, which is indicated by the standard deriadis well as the range of
variation. The relatively low speed used in the testsmiitrd precise
maintenance of the assumed measurement conditionse Hemageasons for the
considerable scatter of results should be attributedhéo variability of the
material itself. To illustrate the differences betweabe values determined for
cobs from the different harvest times, mean values were used

The differences between the mean values of the cutting foreee
statistically significant and varied within the range frem2 for harvest term | to
10.3 N for term Il (Fig. 78). The mean values of cuttingergy varied
correspondingly within the range from 0.054 to 0,016 J (Foy. The difference
between the mean values of cutting energy for harveststérrand Il was
statistically insignificant. A lack of significance of thifference between the
men values for those harvest terms was observed alsohéombdulus of
elasticity. The mean values of the modulus of elasticgyewrom 5.94 (term )
to 3.85 MPa (term 1ll). The differences between the mednes of deformation,
that formed a range from 15.22 (term Il) to 12.13 mmngtell), were not
significant for the harvest terms | and Il, and for terms ¢l Hh(Tab. 38).
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The mean values of force recorded in the tests of seed cometrgi®mn
formed a range from 19.75 (term 1) to 12.05 N (term 1ll) (Fig. 8@).shitistically
significant differences were noted between the values gbehetration force for
harvest terms Il and Ill. In turn, for the mean values of gheetration energy
presented in Figure 81, statistical non-significance occurretiddnarvest terms Il
and |. The mean values of penetration energy fell withinrdémge from 0.064
(term 1) to 0.041 J (term IIl). The mean values of the modulusastieity varied
from 8.14 (term 1) to 3.40 MPa (term IIl), and the while the mealues of
deformation formed the range from 6.12 mm (term 1) to 4.07 mm (trrfTab.
38). No significant statistical differences were observedide the mean values
of deformation for harvest terms Il and |I.
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In the case of compression tests of individual éstrfor mean values of force for
harvest terms Il and | no significant statisticéffetences were found. The mean
compression force values varied within the rangmfR20.12 (term [) to 12.05 N (term
1) (Fig. 82). In the case of the mean values of compressiergy, which varied from
0.031 (term ) to 0.023 J (term 1lI) (Fig. 83), statisticaignificance occurred between
the mean values for harvest terms |l, and | and for tdramgl Ill. The mean values of
the modulus of elasticity fell within the rangerfral.08 (term [) to 2.94 MPa (term Il1),
and those of deformation - from 4.96 (term [) @33mm (term 1ll) (Tab. 38). For the
modulus of elasticity, the differences between ésts/ term 1l, and | and for the
deformation — between terms Il and Il were statidly insignificant.
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Fig. 83. Pressing energy for different harvest terms: imte2 —term Il, 3 —term Il

The mean measurement values obtained in harvest tlercreased by 42% in harvest
term Il, and by 70% in term lll in the case of theting force, and by 28% and 39%,
respectively, for the penetration force and by Hs#b 40% for the compression force. In
the case of energy determinations, a decreasehsass/ed in the mean values - by 53%
(term 1) and by 70% (term lll) in the cutting tests, by 14ém Il) and 36% (term Ill) in
the penetration tests, and by 16% (term Il) and @68 lIl) in the compression tests. The
values of the modulus of elasticity decreased, inrdanoe with the above relation, in the
cutting test by 29% (term 1) and 35% (term Ill), in penetration test from 28% (term II)
to 58% (term IlI), and in the compression tesbrfrl0% (term II) to 28% (term lIl) as
compared to the values of the modulus for thetfastest term.
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Table. 38. Valuesof elasticity modulus and deformation obtainedtémts of strenght

Contents Min. Max. Mean stand. 95% conf. Int.
The cutting test — term |
Modulus of elasticity, (MPa) 2,83 11,91 5,94 2,57 ,5747,31
Deformation, (mm) 7,69 18,23 13,37 3,42 11,55-15,14
The cutting test —term I
Modulus of elasticity, (MPa) 3,25 5,26 4,20 0,66 8534,55
Deformation, (mm) 11,87 17,50 15,22 1,86 14,23-16,2
The cutting test — term 1lI
Modulus of elasticity, (MPa) 2,29 5,68 3,85 1,03 135,55
Deformation, (mm) 5,95 14,71 12,14 2,09 11,77-13,86
The penetration test — term |
Modulus of elasticity, (MPa) 4,50 11,30 8,14 2,49 ,04511,23
Deformation, (mm) 4,20 7,80 6,12 1,35 4,44-7,79
The penetration test — term Il
Modulus of elasticity, (MPa) 4,25 7,25 5,83 0,86 3%6,31
Deformation, (mm) 4,36 7,63 5,84 1,01 5,28-6,41
The penetration test — term Il
Modulus of elasticity, (MPa) 2,54 4,36 3,40 0,63 0633,74
Deformation, (mm) 3,21 5,58 4,07 0,65 3,72-4,41
The compression test — term |
Modulus of elasticity, (MPa) 3,26 5,26 4,08 0,75 135,01
Deformation, (mm) 3,24 6,25 4,96 1,12 3,57-6,34
The compression test — term Il
Modulus of elasticity, (MPa) 3,23 4,15 3,68 0,34 7433,56
Deformation, (mm) 2,48 4,88 3,60 0,80 3,74-3,31
The compression test — term Ill
Modulus of elasticity, (MPa) 2,45 3,56 2,94 0,29 783,09
Deformation, (mm) 2,45 5,02 3,43 0,80 3,02-3,85
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The mean values of deformation obtained in the gutéists increased by 14% (for
harvest term 1l) and decreased by 9% (for termadl)compared to those for harvest
term |. A decrease was also recorded in the peiostreests — by 4.4% (for harvest
term Il) and by 34% (for term 1ll), and in the comagsion tests — by 27% (for term 1)
and by 31% (for term IIl).

Decrease in the measurement values with delay in the cobshéime (though
not always statistically significant) is related to alg occurring in the structure
of the kernel parenchyma. This is affected by the phase élképeness, which is
manifested mainly in a decrease in kernel moisture, and inasioge share of
starch at the cost of sugars (both reducing sugars and saehKersel moisture
decreased by about 6% in the case of harvest term Il and by aP6unm 1ie case
of harvest term IlIl, with respect to the value in harvesmtl. In relation to the
harvest in term |, there was a decrease in the content ofimgdumars by about
17% for harvest term Il, and by about 27% for harvest terna ltlecrease in the
content of saccharose by about 32% for term Il and by about 44%rfotlteand
an increase in the content of starch by about 21% for haerestll and by about
82% for harvest term Ill (Tab. 37).

Kernels with reduced moisture and increased content of starch haske m
lower values of the mechanical properties, hence the lower anobuenergy
required for kernel cutting off the cob. This may be caused tigceease in the
turgor of the kernels, or also in the elasticity of the seedrcageevidenced for
instance by the decrease in the modulus of elasticity. Both timlcdutting force
and the critical force of kernel penetration of cracking are preceded hemide
plastic deformation. As a consequence, this is reflectedgimehivalues of force
required to overcome the critical point, for kernels from harie® I, and | with
relation to harvest terms Il at the cost of greater deformation.

9.1.3.EVALUATION OF THE PROCESS OFSWEET CORN KERNELSCUTTING OFF

Sweet corn cobs for the processing industry arestda) to mechanical processing
consisting in kernel cutting off from the cob coresmong the requirements
concerning the quality of the cut material one #hemumerate, among other things,
smooth cut surface and even length of kernels, ¢hckechanical damage, and low
level of losses in mass and in the content of irmrial components [7].

Statistical analysis showed that in the case of mean vafldies degree of kernel
mass cutting off there is significant statistici#ffadentiation. Mean values of the
degree of kernel mass cutting off from cob coreg.(B#) varied within the range
from 55.6% (term ) to 64.7% (term Ill). In the easf mean values of electric
energy consumption (Fig. 85), power consumption (8&).and process efficiency
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(Fig. 87), on the difference between harvest terthsahd | was statistically
significant. The values varied as follows: for gyeconsumption - from 2.760*
kWh (term 1) to 2,04.0* kwh (term Ill), for power consumption - from 0.72Vk
(term 1) to 057 KW (term lll), and for efficiency - fron5& cobs/min (term ) to 73.5
cobs/min (term lll). The differences in the mearuga of the share of kernels of
inferior quality (Fig. 88), which varied from 21.8% (terjmd 14,0% (term Ill), were
not statistically significant between the harvesiris Il and 1.

The decrease in energy consumption by 24% andviripconsumption by 21%
resulted from the change in the turgor of the Kerréhis can be interpreted in a way
similar to that in the description of the energycofting, penetration and compression
of kernels on the strength tester under quascstatiditions.
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Fig. 84. Degree of kernel mass cutting for different hartesns: 1—term |, 2 —term Il, 3 — term lll

The decrease in kernel turgor with delay in the harvesthasealso a favorable
effect on the degree of kernel mass cutting off, as well ath@rguality and
efficiency of the cutting process. Change in the consistency @étseorn kernel
parenchyma, caused by ripening, causes a decrease of kernekenaisd of the
content of mealy starch. Such consistency of the parenchymanfwrenass losses
both in the course of kernel cutting and as a result of kéraetport during the
technological processes related to kernel processing and caomitactwater
(rinsing, sorting, blanching). The lower energy consumption in the ssocé
cutting kernels from harvest times Il and Ill, resulting frdme reduced cutting
resistance, causes an increase in the efficiency of the process.
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9.2. EFFECT OF STORAGE AND BLANCHING CONDITIONSON THE MECHANICAL
PROPERTIESAND ON THE CUTTING PROCESSOF SWEET CORN KERNELS

Sweet corn attains its consumption and processing ripeness within 24ag<8
from blooming, that is from the appearance of stigmates. Aleisipmptom of
ripeness is the browning of the stigmates. The kernels asseitev-gold
colouring and are in the phase of late milk ripeness. The pefiazbrncobs
suitability for consumption is relatively short — cobs getreige fairly quickly,
especially at high temperature. The process of over-ripeninghwbitsists in the
transformation of sugars into starch, is delayed in cobs statkedhe cover leaves
unresolved, and in cool conditions [154].

In order to estimate the effect of storage conditions on theibgigsof
extending the period of corn suitability for processing, testee vperformed,
consisting in storing corncobs for 7 days under the following conditions:

« conventional storage - temperature approXCa®arn, umbrella roof),

« refrigerated storage - cold storage room, temperature app@x. 2

« soaking in water - temperature approxX’@0

Immediately after harvest the mechanical propedfesobs at late milk ripeness
phase were compared, as well as those of cobs after blartbingob blanching was
made in a 4-minute water bath with a temperatuDedCC. After the blanching, the
cobs were cooled to a temperature of abot€2Md dried.

9.2.1. EEFECT OFSTORAGE CONDITIONS ON THEMECHANICAL PROPERTIES OF
SWEET CORN KERNELS

To estimate the effect of storage conditions of cobs héterest, penetrometric
tests were performed in which the force of kernel penetratandetermined. Also
recorded in the tests were the deformation of the seedr aaivthe point of
penetration and the energy corresponding to the work of seed coverapienet
with a penetrometer with a diameter of 2 mm, and calculatiasy made of the
modulus of elasticity of kernel parenchyma, indicating the level of ig®tur

The tests were performed on corn cobs that were divided into plaree in
order to allow estimation of the effect of storage conditions hen garticular
batches of kernels - those from the cob tip area (conicsthape and with the
largest number of unripe kernels), from the central cob seajdindrical in shape
and well filled with well formed kernels), and from the cob bags¢ péere the
kernels are the most ripe but also characterized by varied mechaojuadties.
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It was observed that the force of seed cover penetratiteretitiated the
mechanical properties of kernels from particular sectionshefdob and was
indicative of the effect of the storage methods or conditionkeaipfl-ig. 89). Cob
soaking (wetting) causes a differentiation of the force reduio penetrate seed
cover, but also the strongest lowering of its strength fondterfrom the base
section of the cob (14.02 N), which may be related to filling with waanels that
are already well formed. For comparison, for wetted kernels fnertipp part of the
cob the value exceeded the level of 19.83 N. The values of standaatiotev
(Fig. 89) indicate that significant differences were obsefoethe extremes of the
cob, and in a majority of cases differences in the strengthewfels from the
central sections of the cob did not differentiate their sttenglative to kernels
from the edge areas.

When recording kernel deformation, or rather the deformation dnegsponds
to seed cover penetration with a penetrometer, it can be obg@ige®0) that
kernels from the tip section of the cob, frequently neither foligned nor ripe, are
not prone to differentiation as a result of 7 days of storagespective of whether
they are stored in refrigerated room &C2or under traditional conditions at®D.
However, an effect of kernel wetting can be observed asdserin deformation
(2.03 mm) of kernels from the central section of the cob. ThetaBeelated to
softening of the seed cover of ripe kernels, but on the dthed refrigerated
storage increases the turgor of such kernels, which is manifesthe decrease of
the deformation value to 1.12 mm. Kernels from all the cobaestistored under
traditional conditions (barn, umbrella roof), are characterized sbyilar
deformation values of from 1.42 mm to 147 mm.

Analyzing, in Figure 91, the values of energy determined in thesemirseed
cover penetration, one can observe that refrigerated storage causessededie
energy values and has a homogenizing effect on the matenetr(values of
standard deviation), which effectively provides a valuabéetmal indication of a
drop in energy requirements for the process of kernel cuttinfyorh cobs after
their refrigerated storage.

Plotting the modulus of elasticity of sweet corn kernels gufé 92, one can
observed that kernel wetting causes a loss of kernelcitlgsthat is causes kernel
flabbiness, while corn cobs stored under refrigerated conditiave kernels
whose elastic properties remain on a constant level (9.02-9.4piiviEspective of
what cob section the kernels come from.

The observed differences in the mechanical strength oéleeftom corn cobs
stored under different conditions, i.e. soaked with water, anddstorefrigerated
rooms or traditionally, indicate the necessity of verifyinigttad studied factors in
the course of kernel cutting off from cobs and of comparingdbelts with those
obtained for cobs directly after harvesting as well aerditanching. It can be
observed from Figure 93 that kernel cutting directly aftawvéd®st requires the
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highest expenditure of energy (0.034 J). Refrigerated storagescaueduction of
that value to 04.07 J, though the differences are not statissoghificant. This is
related to the behaviour of the modulus of elasticity under thosktioms, which
has been demonstrated earlier in Figure 92. Cob storage undéionie
conditions, as well as cob wetting, causes flabbiness of kemela eeduction of
their elasticity in the case of 7-day storage at a teatyner of 20°C, but also a loss
of elasticity of the seed cover of wetted kernels. In bottam®s this is manifested
through decreased energy requirements for kernel cutting off from cob cores.
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Fig. 93. Energy of kernel cutting off from cob coke- after harvest, W — wetted cobs, S — cobs
from regular storage, RS — cobs from refrigeratedage and B — after blanching

Shearing energy E [J]
o
D

As follows from Figure 93, kernels from cobs sulgedb the process of blanching
need lower energy expenditure for the kernel aytirocess (0.27 J), which provided
an inducement for a broader study of the processutiing of blanched kernels
(sections 9.2.3 and 9.2.4) and of their mechaprcaderties (section 9.2.2).

9.2.2. EEFECT OFBLANCHING ON THE MECHANICAL PROPERTIES ORKERNELS

One of the stages of the technological proces®mf kernel production is kernel
blanching. The fundamental objective of the prodesthe deactivation of tissue
enzymes responsible for biochemical transformatitnag determine, among other
things, changes in the tissue texture. Blanchingesalso a change in the consistency
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of the kernel parenchyma, resulting in coagulatibatarch which, in the case of non-
blanched cobs, is lost in the course of kernelgssiag [4]. Moreover, at later stages
of kernel processing (especially rinsing), it reducesejigeepage and - therefore -
losses of valuable nutritional components.

The losses mentioned above are related both to the morphologitaiefe of
cobs and the size and mechanical strength of kernels, and todngepers of the
process of kernel cutting, i.e. the geometry of the cutteteknirotary speed of the
knife head, and linear speed of the cob feeder. One of the methoqse tmit
considerable limitation of the losses is the application ofidbismg prior to the
process of kernel cutting off, instead of blanching of kernkeésady cut as it is
frequently done in practice [73,75].

Sweet corn cobs for the processing industry are frequently csedjeo
machining consisting in kernel cutting off from cob cores. Among the requirements
concerning the quality of raw material detached in this manner one shouldmenti
among other things, smooth cut surface and even length of kerhelff, dack of
mechanical damage to the kernels, and low level of lossesnalkaass and in the
content of nutritional components [73].

In view of the necessity of reducing the losses, both qualitadind
quantitative, that occur in the process of kernel cutting admfrcobs, cobs
collected at the stage of late milk ripeness were stdgjgo 4-minute blanching in
a water bath of a temperature of 80Q0 After the blanching, the cobs were
cooled down at ambient temperature (approXxC22and dried. Determination of
the effect of blanching on selected mechanical propertiesroélsawas performed
on sweet corn cobs of Helena variety. To examine the effdalanthing on the
mechanical properties of kernels, kernel cutting, penetration@ngression tests
were performed, comprising measurements of the values of, forcdulus of
elasticity, deformation, and energy for the particular tegtat $tage of the study
was also realized with the help of the Instron 6022 strengtr tedtmeasurement
head speed of 50 mm/min. The cutting and penetration tests wereomamid
samples (with a length of 5 cm) taken from the centraiseof the cob. Also, the
content of dry mass in corn kernels was determined, in accordaticthe dryer-
weighing method as per the standard No. PN-90/A-75101.03.

Analyzing the results obtained, presented in Figures 94-99 anabie 39, we
can state that blanching is an operation that causes a decrease@athealues of
the mechanical properties of sweet corn kernels, as well as in exxgrgyymption.

In the shear test of corn kernels, the value of the shearing force varied from 19.8
to 53,5 N for non-blanched cobs and from 12.1 to 38,9 N for cobs subjected t
blanching. The shearing energy formed ranges of values from 0.83a) (non-
blanched cobs) and from 0.09 to 0.31 J (cobs after blanching). The meas ofl
kernel shearing force were 34.5 N for the non-blanched cobs and Z6:0tine
cobs after blanching (Fig. 94), while those of the shearing gneege 0.21 and
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0.18 J, respectively (Fig. 95). This means that, as a resultrafHitay, the value of
the shearing force decreased by about 25%, and that of shearing égerg
approximately 14%. Standard deviation for the shearing force was (o83
blanched cobs) and 8.20 (cobs after blanching), and that for sheagngy e-
0.073 and 0.072, respectively.
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In the kernel penetration test, the value of the penetration ¥araed from 9.1
to 12.5 N for the non-blanched cobs, and from 7.1 to 11.2 N for the calps aft
blanching. The values of penetration energy fell within the ran@e027-0.041 J
(non-blanched cobs) and 0.018-0.037 J (blanched cobs). The mean values of cor
kernel penetration force were 11.1 N for non-blanched cobs and b ddbs
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after blanching (Fig. 96), while of the penetration energy &ad4 J and 0.28 J,
respectively (Fig. 97). In this case the mean value of pleetration force
decreased by about 15%, and that of penetration energy by nearly Eftargt
deviation for the penetration force was 0.84 (non-blanched cobs) and 089 (co
after blanching), and for penetration energy — 0.006 and 0.003, respectively.
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Fig. 97. Penetration energy of no-blanchig)(and blanchingX) kernels

In the kernel compression test, in turn, the values of forcg fram 22.6 to
58.4 N for the non-blanched cobs and from 12.6 to 64.9 N for the cobs after
blanching. The compression energy values fell within the rah@015-0.046 J
(non-blanched cobs) and 0.011-0.062 J (cobs after blanching). The rhesmofa
compression force were 39.1 N for the non-blanched cobs and 30.2 N tambthe
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after blanching (Fig. 98), while those for the compression energy %827 J and
0.026 J, respectively (Fig. 99). Therefore, the values of the conwregsce
decreased by about 23%, and that of compression energy by abouta#%ar&t
deviation for the compression force was 9.79 (non-blanched cobs) and 1th84 (c
after blanching), and for the compression energy — 0.008 and 0.013, respectively.
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Fig. 98. Compression force of no-blanchirigl and blanchingX) kernels
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Fig. 99. Compression energy of no blanching)(and blanchingX) kernels

Table 39 presents the results of the tests formbdulus of elasticity and of
deformation, obtained form the non-blanched anchdbled cobs, and the doped
strength tests. In the case of the shearing testjrtean value of the modulus of
elasticity for the non-blanched cobs decreased19¢,3and that of deformation by
54.5%, with respect to the cobs subjected to blagch
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In these of the penetration test, in turn, the evaifithe modulus of elasticity for
non-blanched cobs decreased by 8.5%, and thatf@iagion by about 22%, with
relation to the cobs after blanching, while in ¢thse of the compression test performed
for sweet corn kernels the corresponding levelsediction were 32.4% for the
modulus of elasticity, and 4% for the value of defation.

Table. 39. Modulus of elasticity and deformation obtaineddsttof strenght

Contents Min. Max. Mean. Stand. dev.

Test of cutting — no-blanching cobs

Modulus of elasticity (MPa) 0,09 5,09 2,58 1,24
Deformation (mm) 2,81 3,95 3,45 0,83
Test of cutting — blanching cobs
Modulus of elasticity (MPa) 1,56 2,36 1,78 0,34
Deformation (mm) 1,76 1,88 1,57 1,67
Test of penetration — no-blanching cobs
Modulus of elasticity (MPa) 5,68 7,67 6,69 0,66
Deformation (mm) 1,27 2,21 1,43 0,81
Test of penetration — blanching cobs
Modulus of elasticity (MPa) 1,70 9,71 6,12 1,38
Deformation (mm) 1,21 2,41 1,12 0,53
Test of compression — no-blanching cobs
Modulus of elasticity (MPa) 0,56 1,47 1,02 0,25
Deformation (mm) 1,53 2,28 2,02 0,19
Test of compression — blanching cobs
Modulus of elasticity (MPa) 0,41 0,88 0,69 0,11
Deformation (mm) 1,73 2,39 1,94 0,20

The tests presented above showed that blanching has a sigrefiieet on the
values of the analyzed mechanical properties of sweet canelkein comparison
to the strength tests of shearing, penetration and compressionnatfon the
non-blanched kernels, there was a reduction in the shearimgtfprabout 25%, in
the penetration force by about 15%, and in the compression force by about 23%.
The process of blanching caused a significant reduction igeleensumption
for kernel shearing (by about 14%), penetration (by about 17%) and cmiaore
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(by about 4%), and the corresponding levels of reduction for the moditilus
elasticity were approximately 31%, 8% and 32%, while thosedébormation -
approximately 55%, 22% and 4%.

The tests showed that the change in the consistency of thé garapchyma
that resulted from the application of blanching caused a deciredlse hardness
and in the elasticity of the kernel seed cover, and both duringhtteaing test and
after kernel shearing no parenchyma seepage was observeér(peite nor solid
parts). Sheared kernels were characterized by smooth and ésemfage, and by
the absence of mass losses.

9.2.3. EEFECT OFBLANCHING ON CUTTING EFFICIENCY AND KERNEL QUALITY

In practice we frequently encounter situations where blancisirapplied to
kernels already cut off the cobs. The advantage of this solutiba fact that such
blanching requires the use of blanching vessels of smaller golasnwell as the
reduction in the quantities of blanching agents required (wateam$t Cob
blanching prior to kernel cutting off results in relativelgthimass efficiency and
better taste qualities of the kernels. The time of blanchiogually related to what
the kernels are to be used for (frozen products, canned productsd, tiredcob
size. Kernels for freezing are usually blanched for a lotige (6 to 11 min),
while those for canned products for only 2 to 4 min) [27]. Blanchingaras
operation affecting the mechanical properties of kernels, nextjailso to verified
for its effect on the degree of kernel cutting off and on kernel quality.

Sweet corn cobs collected in the phase of late milk rggenere subjected, like
in the preceding phase of the study (secidh2.), to 4minute blanching in a water
bath of about 8UC. After the blanching, the cobs were cooled down at ambient
temperature (approx. 22°C), and then dried. The control sample ades up of
cobs not subjected to the process of blanching. This phase dftutlg was
performed on samples of 5 cobs of sweet corn each. The sweet edrwas the
Jubilee variety, and the tests were made in 6 replicatidassification of kernels
into two quality classes was made on a sample of 250 kernels.

The main study concerned with measurement of the degree rél keass
cutting off and with kernel quality was preceded with deterriunabf the
fundamental physical properties of the cobs. Kernels were thyoheans of the
FMC Corn Cutter, with standard rotary speed of the knife heb8l7.5 raes” and
linear speed of cob feeder of 0.31sth

The degree of kernel mass cutting &ff was determined in two stages. In
the first, the mass of kernels cut o,y was calculated with the help of the
formula (14):
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M., = w (%) (14)
K

where:
m— cob mss before the process of kernel cutting off (g),
m, — cob core mass after kernel cutting off (g).

and in the second the value obtained from the formula (15) el@®d to the
biological yield of the kerneléy,

S, = '\\;IVOd 100 (%) (15)

b

Such a procedure of calculation resulted from the problem afatiolf all the
kernels cut off, that in part were scattered over the elentdrihe cutter, and from
losses of juice and solid fractions, as well as from the diffiovith determining
what part of the kernels remained on the cob core after thiagcprocess. The
mass of the material tested was determined with the helpMPE 2000p balance
with the accuracy of + 0.1g.

The quality of the cut kernels was determined on the basisawmining the cut
surface, attention being paid to the smoothness of the cutsuafal to kernel
mass reduction. The condition of the cut kernel section was adoptesliadex of
the quality of kernel cutting off. Kernel cutting quality waxcepted as good is the
section surface was smooth and no mass losses were viEidey other
appearance of the section surface qualified the kernel ag bkinferior quality.
The share of such kernels,; , was calculated from the formula:

U _ N~ Ny

Qq

100 [%] (16)

n

where:
N, — number of kernels of good and inferior quality [pcs.],
n,— number of kernels of good quality [pcs.].

On the basis of the measurements and of an analys@iance it can be stated
that blanching had a significant effect on the galstudied. The degree of kernel
mass cutting for the blanched kernels varied within thgerémm 63.0 to 65.9% and
had a mean value of 64.1%, while the correspondahgeg for the control sample
(non-blanched kernels) were from 54.2 to 58.6% (nvadure of 56.0%) (Fig. 100).
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Fig. 100. Degree of kernel mass cutting from blanching andlanching cob

Similar advantages following from the process of cutting tladckernels as
opposed to non-blanched kernels can be seen in the assessment ditthef goa
kernel section surface. The share of kernels of inferiorityuadried from 3.7 to
9.9% and had a mean value@6% for blanched kernels, and from 19.5 to 24.4%
(mean value of 20.8%) in the case of the non-blanched kernels (Fig. 101).

The measurement values obtained were characterized by a elgldtiw
measure of scatter. The values of standard deviation itbiihvihe range from 2.2
to 2.8% for the degree of kernel mass cutting off, and from 2.9 to A%hd
share of the fraction of inferior quality kernels.
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The cutting process of blanched kernels was characterizedldtivealy low
losses of kernel mass. In relation to the biological yielthefkernels, the level of
losses was about 11%, while the level of losses for non-blakehedls was about
23%. These values are significant in that they mainly contt@nkernel germ
which is the most valuable part of the kernel in termssohittritional value. It is
also in the germ that the greatest amounts of sugars are accumulated.

Blanched kernels are characterized by better taste, axid ¢htting off
efficiency is higher by from about 7.1 to 26.1%. Also notabléne fact that short
blanching (up to about 10 min.) does not cause any notadietien in the
content of sugars. The lower losses result mainly from dhange in the
consistency of the kernel parenchyma, as well as fronrdatiection in kernel
turgor and in the hardness and elasticity of the seed cdher.change in the
structure of the parenchyma, which is primarily resgaasior the reduction of
its qualitative and quantitative losses, has also an wmpgaeffect on the quality
of kernel cutting. This is evidenced by the share of kerweélinferior quality
which is lower by about 14%.
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Blanching had a significant increasing effect on the degfekemel mass
cutting, by about 12% with relation to the non-blanched cobs, and a fevorab
effect on the efficiency and quality of the cutting proc&ée share of the inferior
quality kernel fraction decreased by about 14%. The process of blanetrer k
cutting, as opposed to non-blanched kernels, was characterized byeab$enc
extract seepage, and therefore improved the nutritional quality of thelker

9.2.4. EEFECT OFCOB BLANCHING ON THE ENERGY CONSUMPTION AND
EFFICIENCY OF THEKERNEL CUTTING PROCESS

In the first phase, the basic physical properties of cobs determined, and in
the second — the energy requirements and the efficiency gfrdloess of kernel
cutting. That phase of the study was realized on a measurement stand that consisted
of the FMC Corn Cutter model 3AR and a system for time and energy consumption
recording - Lumel PP83. To continue the study, it was necessayamine the
effect of corncob blanching on the energy consumption and theeaffy of the
process of kernel cutting. Blanching was applied to cobs tefleat the phase of
late milk ripeness. Tests were also made on cobs blanchednioutes in a water
bath with a temperature of 809D subsequently cooled down, like in the
preceding phase of the study, at ambient temperature and thenTasésion the
measurement stand were made for husked corncobs of the Judniety,von
samples of 5 cobs each in 6 replications.

The measurements were realized at the basic refmgd of the knife head —
167.5rad/s and at linear speed of the cob feel&34 m/s. Power consumption
recording was begun once the kernel cutter reastaddle operating speed. On the
basis of processed measurement data, the valeeefy consumption in the process
of kernel cutting were determined, for non-blancBgdand blanchedg, kernels, as
well as of the energy consumption for idle runhef cutters; (kWh/kg). The efficiency
of the kernel cutting process was determined oro#ises of the quotient of the kernel
mass obtained to the recorded time of its cuttintihb knife head of the cutter.

Analysis of the results obtained showed that blanching signifjcafiected the
energy consumption in the process of mechanical kernel cuttirgpof€obs. The
course of power consumption for the corncobs studied is presented in Figure 102.
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Fig. 102. Course of power consumption during cutting proagsso-blanchinds,, and
blanchingE, kernels

As follows from Figure 103, the total power consumption as welérergy
consumption is higher in the cutting process of non-blanched kernelsn&e
power consumption obtained for non-blanched kernels cutting was kviieof
2.26 kW/cob, while in the case of blanched kernels it was 1.82 kW/cob.

Such a decrease in power consumption by about 26&tted from a reduction in
the duration of the cutting process by about 12.5B& resultant increase in cutting
process efficiency was also reflected in the tetargy consumption of the kernel
cutting process which for the non-blanched kermeis 3.09 kWh/cob, and for the
blanched kernels — 1.88 kWh/cob (Fig. 104). Thecieficy of the kernel cutting
process was approximately 97 cobs/min for the nanebed cobs, and about 111
cobs/min for the blanched cobs (Fig. 105).
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Blanching had a significant reducing effect on #mergy consumption of the
process of kernel cutting from corncobs. A decredsdout 40% was recorded in the
energy consumption, with a simultaneous increasbadit 13% in the efficiency of set
corn kernel cutting with relation to the non-blaedhcobs. The reduction in energy
consumption and the increased efficiency of thadtecutting process in the case of
the blanched kernels could have been related tohthege in the consistency of the
kernel parenchyma, as well as to the decrease inattness and elasticity of the seed
cover. The increase in the cutting process effigieand the reduction of energy
consumption by about 40% may also be caused bygebkan the internal structure of
the kernels and decreased turgor and elasticitiyeokernels, and reduced strength of
the kernel seed cover.
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9.3. POSTHARVEST COOLING FREEZING AND HANDLING OF SWEET CORN’

Sweet corn is a highly perishable crop. When produced for commercial
markets, it must be cooled immediately and thoroughly after harvest to protect its
quality. It must be kept cool until it reaches the consumer. Mishandling sweet corn
causes serious and irreversible deterioration in quality and loss of sweetness and
tenderness. Because temperatures are usually high in midsummer when sweet corn
is harvested, growers, shippers, and processors must have access to cooling
equipment and must have knowledge of proper cooling and handling methods.
Only careful attention to postharvest handling procedures can ensure buyer
satisfaction and marketing success. Frequently storage life of sweet cornis5to 7
days for standard varieties and 8 to 12 days for supersweet varieties. Preferred
cooling method is hydrocooling or icing [180].

This chapter acquaints growers, shippers, and processors with energy-efficient
cooling and handling methods useful in preserving the quality of fresh sweet corn.

9.3.1. HARVESTING AND HANDLING

Careful supervision of harvesting -- whether done by hand or machine -- results
in fewer problems at the packing shed. Whenever possible, sweet corn should be
harvested early in the morning when its moisture content is high. Also, the pulp
temperature may be as much as 20°C lower at dawn than at midday. Harvesting in
early morning is thus a good way to reduce cooling loads and save energy.

After harvest, the ears are normally transported to the packing shed in bulk
trucks or trailers. Pulp temperatures at harvest are often higher than 30°C. At these
temperatures, bulk lots of uncooled sweet corn will rapidly overheat because of the
heat produced by respiration. (The respiration rate of sweet corn is among the
highest of common fruits and vegetables; in fact, its rate is about eight times higher
at field temperatures than at 0°C.)

If harvested ears are to be left in bulk trucks or trailers for more than an hour,
they should be kept from direct sunlight and cooled with a steady flow of well
water to remove as much of the field heat and heat of respiration as possible.

Water should be evenly distributed throughout the load with sprinklers to ensure
complete coverage at the rate of approximately 1 liter of water per 1 kilogram of corn
per hour. For example, a truck containing 5 tons of freshly harvested sweet corn
would require approximately: 5000 liters of water per hour. Well water temperatures
during the summer average about 15°C, low enough to reduce markedly the total
cooling load and thus the cost of subsequent refrigeration.

The care given sweet corn during harvesting should be matched by the attention
it receives during packing. At the packing shed, sweet corn should be trimmed
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uniformly to eliminate flag leaves and long shanks. If left on the ear, they will cause
packaging problems and induce further moisture loss. Objectionable kernel denting
may occur with a moisture loss of 2 percent or less. Only first-quality sweet corn
devoid of defects and of uniform maturity, color, shape, and size should be sdlected
and packed. Any ears exhibiting signs of disease or mechanical or insect damage
should be discarded a ong with any ears that lack adequate shuck coverage.

Most sweet corn in US is packed in wirebound crates holding 42 pounds net
weight. Cabbage bags containing 4 1/2 to 5 dozen ears and wax-impregnated
cartons containing 50 pounds net are also used. New growers should always
consult with buyers to determine what type of shipping container they prefer.
Buyers often perceive produce shipped in non-standard containers to be of lower
quality than that shipped in standard containers.

9.3.2. COOLING AND STORAGE

The taste and quality of sweet corn depends heavily upon its sugar content,
which rapidly decreases after harvest if ears are alowed to remain at field
temperatures. By lowering the temperature, the conversion of sugar to starch may
be substantially slowed but not completely stopped. Loss of sugar is about four
times asrapid at 10°C as at 0°C.

Newer supersweet cultivars contain over twice as much sugar as standard
varieties and are more forgiving of delayed cooling and mishandling. For
maximum quality and value, however, sweet corn must be continuously and
properly refrigerated from harvest until it reaches the consumer.

o
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Figure 106. Loss of sugar during storage at four
80 l | ] different temperatures. (Source: USDA

o 1 2 3 4 handbook No. 66: The Commercid Storage of
Fruits, Vegetables, and Nursery Stocks.)

Days in Storage
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Figure 106 demonstrates the effect of various storage temperatures on loss of
sweetness. The ideal cooling process for sweet corn removes field heat rapidly and
reduces the temperature to near 0°C. This is done in a two-stage process starting
with hydrocooling of either packaged or loose corn. Hydrocooling by drenching or
immersing in near-freezing water is effective in removing the critical highest hest
(the upper two-thirds, or three-quarters of the difference between the harvest
temperature and the water temperature). Because the rate of heat transfer is
proportiona to the temperature difference, hydrocooling removes heat much faster
at the start of the cycle than at the end.

The nomograph in Figure 107 illustrates this point. For example, assume that
the temperature of aload of sweet corn packed in wirebound crates before cool-ing
is 25°C and the temperature of the hydrocooler water is 4-5°C. Draw a straight line
from the 80-degree mark on the left side of the chart to the 36-degree mark on the
right side. The nomograph shows that it will take 25 minutes to remove the first 20
degrees of field heat and nearly 65 additional minutes to remove the second 20
degrees of heat. Thus it would be unduly expensive and time-consuming to
hydrocool sweet corn for longer than 20 to 30 minutes.
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Figure 107. Hydrocooling nomograph for sweet corn in wirebound crates. (Source: USDA Marketing
Research Report No. 637. Hydrocooling V egetables.)

An alternative is to top ice the packaged sweet corn during shipment and store
it with large amounts of crushed ice to remove the remaining heat and minimize
respiration heat. Enough ice should be placed in each crate to remove the
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remaining field heat above 0°C and adsorb the heat of respiration plus the heat
infiltrating into the transport vehicle or storage building. One kilogram of ice for
each 5 kilograms of sweet corn is usually adequate.

Under optimum storage conditions (low temperature and high humidity), sweet
corn may not be stored for longer than 5 to 8 days without significant loss of
quality. Supersweet varieties seem to maintain an acceptable level of sweetness for
alonger period in storage, but reliable information on the rate of quality lossis not
available. Loads should be inspected frequently and a suitable fungicide material
should be added to the hydrocooler water to prevent disease infestation.

" This chapter based on the publication [180] which was prepared by M. D. Boyette, L. G. Wilson, E.
A Estes, from the North Carolina Agricultural Extension Service of the North Carolina State
University at Raleigh, North Carolina Agricultural and Technical State University at Greensboro. For
complete information on hydrocooling, refer to Agricultural Extension Service publication AG-414-4,
Maintaining the Quality of North Carolina Fresh Produce: Hydrocooling. For information on top
icing, refer to Agricultural Extension Service publication AG-414-5, Maintaining the Quality of North
Carolina Fresh Produce: Top and Liquid Ice Cooling.



CHAPTER10

L ABOUR EXPENDITURE, COSTSAND EFFECTSIN
SWEET CORN PRODUCTION

The lack of traditions in the cultivation of theapt, and of adequate amount of
specialized equipment for cob harvesting and psilngsause that the technologies
currently used for the production of sweet corm&kare frequently highly expensive
and energy consuming. This results from the coraditie financial expenditure borne
at the particular stages of the technologies usdtlid study an attempt has been made
at determining the levels of labour and energy edipere involved in the production
of sweet corn kernel. The evaluations were madtherbasis of the technologies of
manual and mechanized harvest of corncobs.

10.1. ANALYSISOF LABOUR EXPENDITURE FOR SWEET CORN PRODUCTION

The level of labour expenditure for sweet corn production depends fyimar
the kind of production technology employed and on the level of crop yields
obtained. Soil tillage, seed sowing and plant care measuresngtar in all the
technologies available, and the levels of labour expenditugdsp similar. The
greatest differences in labour can be observed in the casieoértt methods of
cob harvest and transport. For the calculation of labour expemdituolved in
sweet corn kernel production the following formula was applied [17]

n

2L

N, = % (rbh-hd) (17)

r

where:
N, — labour expenditure, (riifa") (rbh — man-hour)
L; — number of man-hours per operation, (nef)
i — item number of successive technological openati= 1-n
F — sweet corn cultivation area, (ha)
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Table 40 presents the level of labour expenditure involved in the piaaod
sweet corn kernel with hand and combine harvesting of cobs. Cob yield adopted for
the calculations was 12h&*. Figure 108 presents the structure of direct labour
expenditure in cob harvest by hand, and Figure 109 — the corresponiling la
structure in the case of combine harvest of corncobs.

Table40. The size of labour expenditures defeated for Baddcombine harvest of sweet corn cobs [57]

Manual cobs harvesting Combine cobs harvesting

Contents %} %} %} x}
rbhha rbht rbhha rbht
The expenditures of totality labour 195,2 16, 27 49,7 4,14
— tillage and seasoning soil 12,6 1,05 12,6 1,05
— fertilization and plants' protection 9,4 0,78 9,4 0,78
— sowing of seeds 3,2 0,27 3,2 0,27
— harvesting of cobs 145,0 12,08 5,0 0,42
— transportation of cobs 6,2 0,52 2,7 0,22
— processing of cobs 18,8 1,57 16,8 1,40
o] u N
T
10% 6% 5%
BU
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Fig. 108. The structure of labour for hand harvestring bict) — tillage and seasoning soil, N — fertilzatand the
plants' protection, S — sowing of seeds, Z — gathef cobs, T — transportation of cobs, O — psingof cobs [91]
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Data presented in Table 14 and in Figures 108 and 109 indicata thatdase
of technology with sweet corn cob harvesting by hand the labouneéixpes is
four-fold higher as compared to the labour expenditure in technology evithine
harvest of cobs.

mu

Fig. 109. The structure of labour expenditures for combievésting of cobs: U - tillage and
seasoning soil, N — fertilization and the plant®itgction, S — sowing of seeds, Z — harvesting of
cobs, T — transportation of cobs, O — processingpb§ [91]

Overall labour expenditure in the technology with cob harvestingaog is
very high in comparison to that for combine harvest. In both casesathe
variants of tillage, fertilization and sowing were used. Theamst difference in
labour is related to the process of cob harvest (14Babhand cob transport
(3.5 rbhha"). With cob harvesting by hand, the labour involved just in cob pickin
from the plants amounted to about 74% of all the labour involved invitode
process of corn production. This follows from the fact that with picking by
hand the cobs, as a rule, are carried to the edge of the fietdebpickers
themselves or by helpers, which is a factor absent from corhbivesting, where
cobs are automatically loaded onto means of transport. Moreoverhaplested
by combine have fewer cover leaves, which reduces the levabaiir necessary
for processing.
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10.2. ANALYSISOF ENERGY CONSUMPTION IN SWEET CORN PRODUCTION

The amounts of mechanical and electric energy consumed in theulaarti

technological operations were calculated according to the relation:

n
> M; K L,
N, = (kwh-t?
e Qz
where:

N, — expenditure of mechanical and electric enefgihtha)

M; — nominal power of tractor, (kW)
K — index of tractor power utilization, K = 0,6-0,9
L; — number of man-hours for given operation, triaf)

i — item number of successive technological openati= 1-n

Q, — vyield of corncobs, fia?).

(18)

Like in the case of calculation of labour expenditure, apairon was made
of the mechanical and electric energy consumption in the professeet corn
production with hand and combine harvest of cobs. The results aretprese

Table 41 and in Figures 110 and 111.

Table 41. The size of mechanical and electrical expenditdedeated for hand and combine harvest

of sweet corn cobs [91]

Manual cobs harvesting

Combine cobs harvesting

Contents 1 1 1 1
kWhha kwht kWhha kwht
The expenditures of totality labour 662,2 55,18 916,9 76,41
— tillage and seasoning soil 340,8 28,40 340,8 28,40
— fertilization and plants' protection 106,5 8,88 106,5 8,88
— sowing of seeds 44,3 3,69 443 3,69
— harvesting of cobs 0,0 0,00 284,7 23,72
— transportation of cobs 98,2 8,18 75,2 6,27
— processing of cobs 72,4 6,03 65,4 5,45

As follows from the presented data, energy expenditure in the teckhineitby
hand harvest of cobs is approximately 1.5-fold lower compared toirthtite
technology with combine harvest of cobs. This is related to the fact that mastha
by hand does not require the application of additional sources of energy.
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U
51% aT
BEO

Fig. 110. The structure of enegetic expenditures for hand/dsting of cobs: U — tillage and
seasoning soil, N — fertilization and the plant®itgction, S — sowing of seeds, Z — harvesting of
cobs, T — transportation of cobs, O — processimpbt [91]
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Fig. 111. The structure of enegetic expenditures for comihiassesting of cobs: U — tillage and
seasoning soil, N — fertilization and the plant®itgction, S — sowing of seeds, Z — harvesting of
cobs, T — transportation of cobs, O — processingpbg
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Comparing the structure of energy expenditure in tthe technologies, the
greatest amounts of energy were spent on soijdilnd seasoning (51% in the case
of cob harvest by hand and 37% in the case of ammbarvest of cobs). This was
related to the use of traditional technology ofl silage and preparation for seed
sowing a considerable part of the energy experai@ibout 31%) was related to the
mechanical harvest of cobs in the case of the auertieichnology. In the case of the
technology with hand harvest of cobs, higher enesgyenditure was related to cob
transport and processing. The remaining elemenenefgy expenditure, related to
fertilization and plant protection, were on a sanilevel in both the technologies.
Overall, much greater amounts of energy were condlopehe combine harvest of
cobs, even though cob harvest by hand involved increasaglyengenditure on cob
transport and processing.

10.3. ECONOMIC EVALUATION OF SWEET CORN PRODUCTION

Studies conducted hitherto on the economic effectiveness of sweet c
production indicate that sweet corn is one of the more prdditataps. In most
cases, income per one hectare of sweet corn plantation exceedsotimmic
effects from the production of wheat, rape, potatoes, or sugar beet [86,149].

In recent years, a considerable deterioration has bésernwed in the
profitability of the production of various crop plants.cBua situation forces the
producers to search for crops that will bring in moreome. Species and
varieties of plants that are less known are more rgmwn may fetch relatively
high prices on the market, and thus increase themiacfrom agricultural
production and stimulate increase in the level of pradocSweet corn is such a
plant that begins to find a place in the Polish agricultur@ processing. Whether
it is grown for direct consumption or for the processirdusiry, sweet corn does
not essentially differ in the methods of cultivation frondder corn, but the
methods of harvesting, utilization and marketing, as a®llhe economic effects
obtained, are notably different.

The profitability of sweet corn production is very high, in spitehe high
level of expenditure involved. It is, however, strongly relatechto direction of
crop utilization and to the level of crop yields obtained. Diretailing by the
producer allows the possibility of negotiating the selling priedsch affects the
level of income generated, as opposed to wholesale delivethdagprocessing
industry, where the buyer dictates the price. Individual sellingooh cobs is
burdened with a high level of commercial risk, as the demandtiguaranteed, as
well as involves higher levels of costs related to stdwgsest, storage, and
transport over sometimes considerable distances.
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Under favorable conditions, one hectare of sweet corn plantatiorietdrb@—
60 thousand cobs, which is equivalent to 12—-15 tons. Crop yields on sigi a h
level can be obtained with favorable weather conditions andcpertitivation
technique. However, one should consider the fact that some abtis produced
may be outside of the quality classification and their comiadevalue will be
considerably lower. Therefore, sweet corn crop yields atetred bf 10 tons or 40
thousand cobs per hectare should be accepted as more realisposaitde to
achieve under average soil and climatic conditions [57,87,88,147].

To analyze the profitability of sweet corn prodanti we present, in tabulated
form, the material and labour expenditure involvedjether with its structure, as
well as the level of income obtained through seltm¢he processing industry and to
the fresh produce market for direct consumptiore Thlculation was made for 1
hectare of sweet corn plantation, at current leeélsosts and prices, with the
following assumptions:

» Biological yield of sweet corn of 10 tons or 40 thousand cobs.

« Selling price to processing plant at 420 RI*N

« Mean selling price of 1 corncob at 0.65 PhdN.

+ Labour expenditure for hand harvest of about 14h&dtat labour cost of 10
PLNha.

» Cost of qualified seed, for sowing with relation to MTN and at plant density of
80 thousand plants’, i.e. 360 PLNa™.

« Cost of mechanized harvest, at combine productivity of 0.2—(?%, fiz.

3 hha' x 220 PLNh" = 660 PLNha™.

» Cost of cob storage in refrigerated storage room for 12 days, i.e. 12 daps x 24
X 4 KW of refrigeration system power x 0.36 PLN/kWh — average unit price of
electric power = 415 PLN.

» Costs of marketing and selling, searching for potential buyers, deliery t
distant localities, with goods sold within 20 days at cost of one day at 150
PLN.

» Percentage of well formed and kernelled cobs in the whole crop are usually
60-80%. Value taken for the calculation - 40000 cobs x 70% = 28000 cobs of
full market value.

» Fertilization and plant protection: cost of fertilizers - 500 PLN. Cost of
herbicides - 150 PLN.

The costs and their structure, the income, theafateturn, and the profitability of
sweet corn production are characterized by theidatable 42. The data show that the
production of sweet corn, both for the processimiustry and for the fresh produce
market, brings income at the rate of return of 1G8% 281%, respectively, and its
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profitability is higher by about 110% in the cageselling to the fresh produce market
as compared to deliveries for the processing ingdughe rate of profitability was
calculated as the ratio of income from selling sveeen production from 1 ha to the
costs incurred for the production.

Table 42. The costs accounting of sweet corn production divety for processing industry or on
market to direct consumption [57]

Selling of cobs, (PLN) Structure of costs, (%)
Contents for vegetable for vegetable
processing on market processing on market
1. Costs of materials, (PLN) 1010,- 1010,- 40,1 5,61
— sedes, 360,- 360,- 14,3 5,6
— NPK fertilizers, 500,- 500,- 19,8 7,7
— herbicides, 150,- 150,- 6,0 2,3
2. Costs of equipment labour, (PLN) 1510,- 5465,- 9,95 84,4
— tillage, 200,- 200,- 7,9 3,1
— seasoning, 150,- 150,- 5,9 2,3
— fertilization and spraying, 120,- 120,- 4,8 1,9
— seeds sowing, 80,- 80,- 3,2 1,2
— land tax, 100,- 100,- 4,0 15
— harvesting, 660,- - 26,2 -
— manual harvest, - 1400,- - 21,6
cobs storage in refrigerator, - 415,- - 6,4
— selling costs 200,- 3000,- 7,9 46,4
3. Total costs, (PLN) 2520,- 6475,- 100,0 100,0
4. Price of the sale, (PLN) 0,42 PLN/Kg65 PLN/pcs - -
5. Value of the crop, (PL'Na'l) 4200,- 18200,- - -
6. 3/4 Index of defrayment — 3/4 6,0t 9962 pcs. ,060 35,6
7. Costs of production, (PLN) 0,16 PLN/pcs.
- 12/10000 kg, 0,25 0,23 PLN/pcs. - -
- 12/28000 lub — or PLNkg* 0,16 PLN/pcs
- 12/40000 szt. — pcs 0,23 PLN/pcs
8. Profit with ha — 5/3 1680,- 11725,- 16,2 617,1
9. Profitability (%) 168,0 281,0 - -
10. Rate of sale rentability — 8/5 40,0 64,4 - -

The profitability of sweet corn production, that is net firafas calculated as
the difference between the sale income from one heetadethe total costs
incurred in a given production cycle, where it reached théuevaof
1680 PLN-coBl when the produce was sold to the processing industry and as
much as 11725 PLN-Havhen the produce was sold to the fresh produce market
for direct consumption. The calculated cost of producgiencrop yield unit, as
the ratio of total costs incurred and the amount ofpcyeeld obtained, is
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0.25 PLN-coB when selling to the processing industry and 0.16 PLN"edten
cobs are sold for direct consumption.

Also calculated was the index of cost return, as thremum crop yield that
guarantees the recovery of the costs incurred. It igatie of the total costs of
production to the selling price. When the corn was tolthe processing industry
the index was 6.0 t, and when cobs were sold for thé fpesduce market for
direct consumption it was 9962 sweet corn cobs. Anothexiedlculated in the
analysis was the rate of profitability on sales, asréti® of net profit obtained
from 1 ha to the crop yield — income from sells ofdaret from 1 ha. In this
situation, with product sold to the processing industry tHaevaf the rate of
return was 40%, and when the produce was sold to the freshtritavkes 64.4%.
The index of profitability provides information on the peregya of net profit in
the selling value of the goods. A lower value of the indeans that a greater
volume of product has to be sold to obtain a certainl lefrgorofit. A higher
value of the index means better economic effectivenesodfiption.

The presented economic parameters of the example calculadioate clearly
the very high profitability of sweet corn production for thesh product market,
where the income from 1 hectare, at about 12 thousand PLN, istafrholsl
higher than the income achieved from selling to the processihgtry that was
about 1700 PLMa’ and constituted only 14.3% of the income achieved in the
former case. Somewhat different relations were observdteiranalysis of the
index of profitability, where the differences in the valueghef index are not so
vastly divergent as in the case of the income, the indalesdbeing 168% with
product selling to the processing industry and 281% when the cobddte e
fresh produce market for direct consumption.

The drop of the index of profitability in the lattease is the result of incurring very
high total costs of production, in which major itémthe cost structure is the cost of
marketing and sales at 46.4% of the total cosfgaafuction. The index of cost return
illustrates the minimum level of production thatagantees recovery of expenditure —
costs of production. With product being sold to pinecessing industry, that minimum
level of production is 6000 kg, which is 60% of ttrep yield obtained, while when
the produce is sold to the fresh market the mininmi®962 cobs, which constitutes
35.6% of the crop obtained, adopted for the cdioma in accordance with item 9 of
the assumptions. It should be noted that the vafulhe parameter is significantly
affected by the unit price obtained for the progdtiat price level being dependent on
the market conditions i.e. the levels of demandsaiugbly.

A much lower effect is that of costs of production whiate basically
constant in terms of their level and structure. The obgtroduction of a unit of
marketable crop is illustrated by the level of expendipee unit of production
which, with the product being sold to a processing plantoumts to
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0.25 PLN-kg, and when selling to the fresh produce market 0.16 RibNand
is lower by as much as 0.09 PLN per a single production unit.

The presented economic parameters clearly shoeadh of their elements, the
profitability of sweet corn production with an iadtion in favor of deliveries to the
fresh produce market for direct consumption, wireceme per 1 ha is the highest and
the remaining economic indices are also considetadtter than in the case of corn
deliveries to the processing industry. It shoulchdsed that the analysis did not include
the element of commercial risk which is very higtihie case of deliveries to the fresh
produce market. Moreover, the culture of sweet consumption in this country is not
stabilized as yet, and the persisting stereotyf@gsaonsiderably reduce the net income
and the attractiveness of the other economic iadice

According to Warzecha (154), the technology of sweet corn produision
similar to that for fodder corn. However, he points out to ced#farences, such
as separation (about 300 m) from fodder corn plantations ancasepdretween
fields of sweet and very sweet corn varieties, as poteartak-pollination would
result in strong deterioration of the quality of the mateproduced. Sweet corn
has higher thermal requirements during seed germination than foalterand of
the varieties with regular or enhanced sugar content. Optinowing time for
sweet corn is from 5th to 20th May. Lower plant density ¢@mamended - 5 to 6
plants per 1 /(50-60 thousand per 1 ha). Sweet corn is sown less deep than
fodder corn; in more cohesive soils about 3-4cm, in lightes slmvn to 5 cm. To
recapitulate, costs of sweet corn cultivation are consideradphehithan for fodder
corn. Expenditure per 1 ha is about 3-4 thousand PLN. Approximately 5@%é of
costs is the cost of seed whose price can be up toPCIB(D-kg'l. Also cob
harvesting is very expensive, usually by hand and multiple iRdlish conditions,
as cob ripening is not uniform. Prior to taking the decision to gnweet corn one
has to have a market secured for the product, as during &tieealgl short period
of time of cob ripening the supply of cobs is so high that there is now way te utiliz
them all and rapidly they lose their taste qualities and technologilued.

Hence a very important element of sweet corn cob production giidifif,
apart from the productivity per hectare and the level of expewndiis the price
that can be obtained in the market, irrespective of the forsalef The possibility
of selling the product and obtaining a good price should be the decidingrd in
the process of deciding on starting sweet corn production.



Chapter 11

SWEET CORN IN HUMAN NUTRITION’

Corn is a tall cereal plant consisting of strong jointed stempporting large
ears containing kernels. Out of the different types of corn mreweet corn is one
of the most popular varieties for human consumption. Sweet cargasd source
of vitamin A, magnesium, and potassium, and is often considered to be a vegetable,
rather than a grain. This confusion is probably due to theaHatit is eaten fresh
like a vegetable. When harvested at the proper ripeness, tieiskef sweet corn
are tender and have a sweet, juicy taste. The three typmseet corn that are
readily available are white corn (white kernels), yelloavn (yellow kernels), and
a hybrid of both white and yellow, often referred to as peaches aauh orebutter
and sugar corn. Sweet corn can be processed into syrup, sugaas ssegtteners
in soft drinks, starch, and cereals.

During the summer months when it is available fresh, it is witsh cooked
and eaten on the cob. Sweet corn is also cut off the cob and eaergestable
side dish or added as an ingredient to other dishes, such as soupg;astegrs|es,
and salads. The corn can be cut from the cob, raw or cooked, and then preserved by
canning or freezing for future use.

Sweet corn is at its best during the late summantimsao early fall. An exception
to that is in Florida where sweet corn is harveftech fall to spring. To receive the
best flavor from sweet corn, it should be eatesams as possible after it is picked
because the sugars will begin to convert to starakesoon as it has been picked.

When selecting, look for husks that have good green coloring wighcpidred
silk. To check the freshness, pull the top of the husk away from the ear and pierce a
kernel with your fingernail. If the kernel releases ahdlig cloudy juice it is
typically a fresh batch. If the kernels are dented or dised| the corn is not fresh.
Avoid sweet corn with dried or dark colored silk or discolored husks. Buying sweet
corn from a road side stand may result in corn that hasnlosh of its sweethess
from being exposed to high temperatures. The high temperatultesapidly
convert the corns sugar to starch, causing it to lose some of its lweet f

" Kitchen advice, kitchen techniques and all abwetes corn in this chapter is prepared by Hormel
Foods (source: www.hormel.com)
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11.1.VARIETIES
YELLOW SWEET CORN

The largest portion of the different varieties of sweenhare yellow sweet
corn. All the kernels on the cob are yellow in color. The sfzth® cob and the
corn's taste will vary between different varieties. Masthmercially grown sweet
corn is yellow.

PEACHES ANDCREAM CORN

Peaches and Cream corn, also referred to as butter and stfgarfraiin the
other varieties in that it contains both white and yellowné&ks. White and yellow
kernel sweet corn is not generally grown for commercial use. It is morefotiad
at local markets.

WHITE CORN

White sweet corn varies from the others in that it has allenteérnels. It has
the same sweet and juicy flavor as the yellow corn and the peaches andanmeam
It is used in the same manner as yellow corn. White swertismot generally
grown for commercial use. It is more often found at local markets.

11. 2. STORAGE

To store corn, leave the corn in the husk and refrigeratemasasgossible. If corn
has been husked, place it in a plastic bag and stdhe refrigerator. It is best to eat it
as soon as possible. Corn cut off the cob carolerirfor 6 months to a year.

11.3. SWEET CORN PREPARATION

11.3.1.SHUCKING - REMOVING THE HUSK FROM THESWEET CORN

Shuck the corn by peeling back the husk and completely removiRgritove
the thin silk that runs along the kernels of the corn. Remexcess silk with a
vegetable brush or with a damp paper towel.

Break or cut off any remaining corn stalk. The corn is now raadgook.
Remove silk when shucking corn by using a damp paper towel llecting the
silk. Moisten the paper towel and hold the towel against thencoling the towel
down the cob and allowing the silk to stick to the towel. This mettmts well
for removing small strands of silk that often adhere to tieatter the leaves are
removed. This method protects the kernels by not having to use ottierds\@f
removal that cause damage.
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Fig 112. Removing excess silk with a vegetable brush dn @itlamp paper towel.

11.3.2.REMOVING KERNELS FROM THECOB

The sweet corn kernels can |
removed from the cob and cooked a
side dish or added as in ingredient =
other dishes. The kernels are also cut
the cob to be canned or frozen so t
can be stored for future use.

Remove kernels by standing the €
of corn upright on a cutting board. Usir
a sharp utility or chef's knife, cut th
kernels straight down along the corn ¢

to free numerous rows of kernels at tiic :
same time. Fig 113. Removing kernel by cutting

11.4. COOKING CORN ON THE COB

The most popular way to eat sweet corn is on the cob. It igajgneusked
before cooking but can be cooked using methods that call for the toubksleft
on. When boiling sweet corn, avoid adding salt to the wateausecit will cause
the corn to toughen when it cooks. Also, it is important to cook thready until
it is tender. Overcooking will cause the corn to lose itseslavor and will cause
the kernels to become tough. The instructions below show several sgthbdan
be used for cooking corn on the cob.
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11.4.1.BOILING - METHOD 1

This method works well when cookin
larger quantities of corn on the cob. Pla
shucked corn into a large pot and cover w
cold water. Add a tablespoon of sugar
keep corn sweet and tender. Cook corn o
high heat and when water comes to a ra
boil, the corn is done. Do not overcoo
Remove from the heat, drain, and ser
Corn can stand in the hot water (away frc...

heat) for 5 or 10 minutes. Fig. 114. Cooking larger quantities of corn
on the cob

11.4.2 BOILING —METHOD 2

This method also works well whe ‘
cooking larger quantities of corn on the cot

Add enough water to a large pot
cover corn when it is added. Be sure y
do not add too much so that the wa
overflows when the corn is added. Add
tablespoon of sugar if desired. i

Bring the water to a full boil and thepig_ 115. Cooking by adding the com to
add the corn to the water. the boiling water

Allow the water to come back to a boil and then cover and fffirthe heat.
Allow the corn to stand in the hot water for 5 to 7 minutes. Doornetcook.
Remove finished corn from the cooking water andeserhile warm.

11.4..3BOILING — SMALL QUANTITIES

This method works best when cookirs
smaller quantities of corn on the cob. .
Place water in a deep skillet. Add
least an inch of water but do not add t
much that the water will overflow whe

corn is added. Add approximately
tablespoon of sugar to the water. Do r.o.
add salt. Fig. 116. Cooking in the flat pot
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Bring the water to a boil. Plac
shucked corn into the skillet. The coms
does not have to be completely covered.

Allow the water to come back to a bc
and then cook the corn for 5 to 7 minute
depending on desired tenderness. Ti
once half way through cooking time. D
not overcook. Remove corn from the

cooking water and serve while warm.  Fig. 116. Turning cobs through cooking
time

11.5. MICROWAVE

Microwaving corn on the cob is a quick simple method to use whekingp
only a few ears of corn. The cooking time will vary slightlepending on the
strength of the microwave. Microwaving eliminates the timessgary to boil the
water for cooking the corn on the stove top but if microwaviraye than 3 or 4
ears, it may be just as fast to use one of the boiling methods.

11.5.1. MICROWAVE - HUSKSON

Pull back the husks about three quarters of the way down the ear and then
remove the silk After the silk is removed, pull the husks back up around the ears

Place the ears in a pan of water a
allow to soak for 20 to 30 minutes.

Place wet corn on a paper towel in t
microwave. Microwave on high from 3 t
5 minutes. Turn cobs and microwave
additional 3 to 5 minutes, depending ¢
desired tenderness.

Fig. 117. Soaking cobs in a pan of water
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After the corn is done cooking in th
microwave, remove the ears and allow
stand for 1 minute before serving.

When ready to serve, remove the hu
from the ears of corn. Husks should
easy to remove. Serve with butter a & .

favorite seasoning. Fig. 118. Removing husks from cobs
11.5.2 MICROWAVE - BAKING DISH

Place husked ears of corn in a baki‘ ) 4
dish that is microwave safe and add so ' i
water, approximately 2 to 3 tablespoons. {

Cover ears of corn tightly with plasti
wrap. Microwave for 6 minutes and th
remove from the oven. Pull back t
plastic wrap, being careful of any stea
escaping, and then turn ears over. Fig. 119. Covering cobs with plastic wrap

Replace the plastic wrap and return t
corn to the microwave to cook for a
additional 5 minutes.When done, allo :
corn to stand in the microwave for 2 or f
minutes. Remove from the microwave a
carefully remove the plastic wrap. L

Remove the corn from the baking disn

and serve while warm. Fig. 120. Preparing cobs for additional
cooking in the microwave

g
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11.5.3.MICROWAVE — INDIVIDUALLY WRAPPED

Fig. 121. Wraping each corn in a damp paper towel or waxepapd removing paper before
serving while are warm

Rinse ears of shucked corn and wrap each eardmp gaper towel or wax paper.
Microwave on high for 3 or 4 minutes. Turn cobs andaaiave for an additional 3 to 4
minutes, depending on desired tenderness. Wherotthes done, allow it to stand for 1
minute before eating. Remove the paper towels ripaper and serve while warm.

11.6. GRILLING SWEET CORN

11.6.1HUSKSON - METHOD 1

Fig. 122. Pelling back the husk whithout removing it  Fig. 123. Preparing corn for soaking
from the cob before grilling

Peel back the husk without removing it from the corn cob. Remove thsilthin
that runs along the kernels of the corn. Remove excess sillawigigetable brush
or with a damp paper towel. Fold husk back. Secure husk with kiteles. iSoak
the corn in water for 1 to 3 hours before placing on the grill.
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Fig. 124. Turning cobs on grill throughout Fig. 125. Serving after grilling
cooking time

Place prepared corn on the grill directly over medium heat. @Q@oto 30
minutes, turning frequently throughout cooking time. Corn is done vitstaris to
steam.

When done, the husks will be charred but the corn inside the hudkisewil
sweet and tender with a nice roasted flavor.

11.6.2HUSKSON - METHOD 2

Using a kitchen scissors, trim excess silk from the end of the corn.
Soak corn in cold water for a minimum of 1 hour.

Before placing on grill, shake to remove excess water.

Grill for approximately 25 to 30 minutes, turning frequently.

The husk and any remaining silk is removed after grilling. Use heat
resistant gloves to protect your hands.

aOrwNE

11.6.3.HUSKSOFF—METHOD 1

Shuck the corn as shown above by peeling back the husk and completely
removing it. Remove the thin silk that runs along the kernetkeotorn. Remove
excess silk with a vegetable brush or with a damp paper towelk Brecut off any
excess corn stalk.
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Fig. 126. After spreading butter and seasoning,Fig. 127. Puncturing the foil before grilling
wraping each ear tightly with the aluminium foil

Wrap each individual ear in aluminum foil. Spread softened butt¢herear
and then season as desired. After spreading butter and seascaipgach ear
tightly with the foil. Puncture the foil to allow exces®an to escape while
grilling. Place the foil wrapped corn on the grill directlyer medium heat. Cook
for 20 to 30 minutes, turning frequently throughout cooklng time.

Remove corn from the grill and careful ===
open the foil wrap. Check corn for donene
If it is not done, wrap the ear back up a
place it back on the grill for 4 or 5 addition
minutes.

Fig. 128. Additonal 5 minutes grilling

11.6.4 HUSKS OFF - METHOD 2

Fig. 129. Pulling husks back Fig. 130. Spreading butter Fig. 131. Grilling directly over
mixture on the ear of corn medium heat
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Mix 6 tablespoons of softened butter with 1 clove of garlic (minaed)1 to 2
tablespoons of minced parsley. Stir butter mixture until smooththen spread
lightly on the ear of corn.

Place corn on the grill directly over mediu
heat. Arrange so that the husks hang off the di§
of the grill or place foil under the husks in t
area the husks will be placed. This will prevd
them from burning. Cook for 10 to 12 minute
Turn the corn frequently during the cooking ti
Brush ears with the remaining butter mixture
they are cooking.

When the corn is done the ears will B2
golden brown. Remove from the grill and serv@. 132. Turning corn during the
while warm. grilling time

11.7. FREEZING SWEET CORN

Husk and clean silk from corn as shown above in Sweet Corn Riepafie
freeze 2 to 2 ¥2 dozen ears of corn, you will need the following ingredients:

e 14 cups of corn cut from the cob (24 to 30 ears of corn)
*  ¥icup sugar

e 1/8 cup salt

e 7 cups water

Fig. 133. Removing kernels by cut off Fig. 134. Filling pot with kernels
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Remove kernels by standing the ear of corn upright on a ciibisugl or inside
a pan that can be used to catch the corn as it is cut off. Ushgrp utility or
chef's knife, cut the kernels straight down along the corn colet fumerous
rows of kernels at the same time. Measure out 14 cups afitHeernels and pour
them into a large pot. Add the sugar and salt to the corn.

Pour in 7 cups of water. Adjust amount of water to just cowar. Stir well to
mix all ingredients together. Bring corn mixture to a boilil @5 minutes to
desired tenderness.

Fig. 135. Adjusting water to cover corn Fig. 136. Quick cooling of corn on large sheet

Allow corn to cool. Spreading corl
onto a large cookie sheet will cool tt
corn quicker.

Scoop corn into plastic freezer bac
include a small amount of th
remaining water mixture in each ba
Seal bags tightly and then flatten co
filed bag and place in freeze
Flattening the bags will allow them t.
stack neatly in the freezer. Fig. 137. Preparing bags for freezing
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TIPS

With a permanent marker, write the date the bag of corn was froziru
reference.

- Do not add salt to the water when cooking sweet corn because the salt will
toughen the corn. Add a little sugar to the water to boost the flavor.

« Sweet corn will lose its sweetness much faster if stored at room
temperature compared to storing in the refrigerator. Do not husk before
storing in the refrigerator. Husk just before preparing. It is foesét it as
soon as possible after it has been picked.

« Two to three medium ears of corn are equivalent to approximately 1
pound, depending on ear size. Two medium ears equal approximately 1 to
1 1/2 cups of kernels.

« If harvesting your own sweet corn, it is best to pick it early in the morning
and eat it as soon as possible. If not cooking it soon after it is picked, store
in the refrigerator until ready to cook.



CHAPTER12

SUMMARY AND CONCLUSIONS

The use value of sweet corn, resulting from itshhiwtritional values, taste
qualities, and extensive possibilities of applimafi fully justifies the sense of
increasing the area of its variation. The search for newramd efficient methods of
harvest at simultaneous assurance of favorableoatoneffects and high quality
requirements for the sweet corn cobs and kernelysex, become a necessity.

Sweet corn cobs harvested for the processing industry arectsubjeo
machining consisting in the kernel cutting off from cob core. Simcensiderable
part of sugars is cumulated in the lower part of the kernslrgdommended to cut
kernels off cobs as close to the core as possible. Thelareshape of kernels and
their low content of dry mass (approx. 27%) are the reason fprefreé mechanical
damage to kernels. Kernels, especially those located atmextparts of the cob,
differ in their size and hardness. Also the shapes of cobs (éghhdr tapered)
and their variable size (variety-related) make the tweteot of kernels more
difficult. Hence the process of kernel cutting off from cob caesmajor problem
for the processing industry.

The research problems set for this study have beerified through
experimentation and with statistical methods, wlith help of methodology and test
equipment developed for the purpose. The verificatif the research problems was
based on analyses of the following:

a) in quasi-static tests:

— values of shearing force at three points on kernel lengtigrdged as:
measurement position 1 (2/3 from kernel base), measurement positan 2 (
kernel base) and measurement position 3 (at cob core), dependirg aorrih
variety,

— values of shearing, penetration and compression force for kéroedisfour
locations on cob length, designated as: measurement position 1 (lower)
measurement positions 2 and 3 (cob center), and measurement position 4
(upper), depending on the corn variety,

— loading head speeds within the range from 0.002 to 0'cm
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b) in dynamic tests:

— values of shearing force at measurement position 2 on kengthland at
measurement position 2 on cob lengths,

— cob sample speeds of rotation in the range from 130.9 to 1947 aad travel
speeds of knife from 0.005 to 0.015st

¢) in tests on kernel cutter:
— energy consumption of kernel cutting process at measurement p@siion

kernel length and at measurement positions 1, 2, 3, and 4 on cob length, and the

quality of the material obtained (share of kernels of infagimlity, amount of
kernel mass detached),

— rotary speeds of knife head in the range from 167.5 to 301< @l linear
speeds of cob feeder from 0.31 to 0.98'm

Experiments performed under quasi-static conditghnsved that the variables
studied have a significant effect on changes imtkehanical properties of kernels,
i.e. on the shearing, penetration and compressiozed, and on the modulus of
elasticity and on relative deformation. Changeshe values of the mechanical
properties also affected the values of shearinggtpation and compression energy.

In the dynamic tests, shearing force measuremesnts made at various speeds.
The measurements showed that the application &érelift combinations of cob
sample and knife speeds could provide a criterion for tiraa@®n of changes in the
shearing force which affects the energetic qualithe process of kernel cutting off.
The measurement results obtained indicate congigevariation relative both to the
character of their action and to their values. $trength properties reached their
highest values in the case of kernels sweet itother part of the cob, and the lowest
— for kernels from the tip section of the cob. Tb@an be attributed to the varied
degree of kernel ripeness and to varying kerneksigernels from the lower part of
the cob, as opposed to the others, are charadsdnizestrong irregularity both in
terms of kernel shape and in its setting in the @tiis is an especially unfavorable
feature for the process of kernel cutting off omké cutters. It has a negative effect
on the quality of the material cut off (the conalitiof the cut section surface) and on
the quality of the cutting process (energy consummpti

A similar relationship was observed on the keraegjth. In their lower part kernels
were characterized by higher hardness than in gperpuwhich resulted from greater
content of fibrous parts, and from the presendwaad and fibrous fragments of the core
(husks). In their lower part, kernels are charamdrby smaller section area, which is
also reflected in increased hardness. These obsenateoparticularly significant in the
context of mechanical kernel cutting off under stdal conditions.
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Due to the design limitations of the copying-cutassembly of corn cutters, and
to the variability of the morphological featurescofn cobs and kernels, to ensure that
the actual point of kernel cutting did not divergjgnificantly from the value set
(assumed), the process of kernel cutting in the tests nrcatters was conducted only
on central sections of cobs, with cylindrical shage at measurement position 2. The
data acquired support those observations, and r@reermit practical improvement
of the quality of raw material obtained and a réidacin the energy consumption of
the kernel cutting process through increasing tloeking speeds of corn cutters.
Higher working parameters, i.e. higher rotary spafetie knife head and higher speed
of cob feeding, result in an increase in the kemmeeds cut off. This relationship can be
attributed to greater plastic deformation of kesngith high moisture which, at low
speeds of cob feeding and knife head rotationubjed to greater deformation in the
course of the cutting process. The cutting of dwarhels causes shallower cut on the
kernel side opposite to the knife blade, and thaddss of a part of the plant material.
At higher cob feeding speeds, and especially at higher kadd rotations, the process
of kernel cutting off cob cores is more accurate.

The morphological features of corncobs have a gteffect on the amount of
kernel mass cut off. The two-year study on threeesveorn varieties indicates the
existence of considerable variability both withisiagle variety and between different
varieties. The variability was observed alreadpatstage of the physical and chemical
tests. The feature, though unfavorable for the dterntting process itself, may be a
criterion for the selection of sweet corn variefmsprocessing. Chemical tests, which
due to the quality of the material should not bestdered in the case of corn kernels
separately from the physical properties, showeddrdifitiation in the content of sugars
on the length of the kernels. Sugars (especiattghsaose) affect the characteristic
taste of sweet corn kernel. Limitation of massdesalso entails an increase in the
amount of sugars in the material cut, and thusones the taste quality of the kernels.

On the basis of the laboratory and stand tests and the measuresdt#t r
obtained, statistical analyses and review of literature oftibgect, strength tests
on corn kernels, as well as analysis of labour and energy expentliufellowing
conclusions can be formulated:

1. The results of studies on the mechanical propertiss@ét corn kernels indicate the
existence of a strong relation between the parasnetmlyzed, and the location of
kernels on the cob and place of kernel cuttingheffcob core.

2. The results of experimental tests showed that the valudseashearing and
penetration force and energy are the highest in the case elskéyoated on
the lower part of the cob, and decrease towards the tip of the cob.

3. All the studied strength properties of sweet caméls depend significantly on the
variety properties. Moreover, the force and eneajyes recorded in shearing and
penetration tests increase as the kernel cutting glaifts towards the cob core.
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4. Increase in the speed of knife action on the nad¢estudied, both under gquasi-
static and dynamic conditions, has a significactetesing effect on the values of
all the parameters studied. This results from #wahse in cutting resistance with
increasing speed of knife action on the materialist.

5. The quantity and quality of the kernels cut off depend largalyhe cutting
speed, as well as on other factors, such as cob feeder speety, karnel
location on the cob, and kernel-cutting zone.

6. Correct run of the kernel cutting process (smoaoihsarface) ensures the lowest
cutting resistance possible. Any divergence wiliein considerable deformation
of the cut surface (crimps and breaks) and in erea@se in cutting resistance.

7. Increase in the speeds of the knife head and théeedler results in a decrease in
the unit energy of cutting by an average of ab@3b {from 92 to 40%), in the
share of kernels of inferior quality by about 70#erh 81 to 66%), and in an
increase in the kernel mass cut off by about 408623 to 58%).

8. The shape and regularity of corncobs has a strong effect on el keass
obtained in the process of cutting. In the case of cob shapesandmtirical
(Candle) the highest values of kernel mass cut off were oldtaara the
quality of the kernel cutting off process was the best.

9. Kernel cutting as close to the cob core s possible entails noaomhcrease in
the kernel mass obtained, but also in the content of sugarh ighielatively
the highest in that part of the kernels.

10. The mathematical models obtained create the possibility of pngviein
explanation for the effect of the variables studied on theseoof the process
of corn kernels cutting off from cob cores, and can constitliass for the
optimization of the process, the criteria for such optimizatbeing energy
consumption and quality of the material obtained.

11. The results obtained in the study can be used actipe, as the experiment
performed showed the possibility of increasing flectiveness of kernel cutting off
through altering the operation parameters of the catter.

12. It is justified to undertake comprehensive studieshe strength properties of sweet
corn kernels of different varieties, with speciahpdhasis on the effect of those
properties on the quality of the material obtained.

13. Analysis of the level of energy expenditure for sweet corn ptamushows
that soil tillage is the most energy-consuming operation. Bottihe variant
with cob harvesting by hand and in that with mechanized cob sirthe: level
of energy expenditure was about 340 khh. Fertilization, plant protection
and seed sowing required much lower levels of energy expendit&fe (
kWhha?). The corresponding energy expenditure for cob transport and
processing was on a similar level (140-170 Kvsl).
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14.

15.

16.

17.

18.

The high purchasing cost of corncob harvesting machines causaadkathe
conditions of farms involved in small-scale production of thentpleob
harvesting by hand is commonly employed. The level of labour expenditur
cob harvest by hand constituted about 74% (i.e. 14Bahhof the total labour
expenditure for the whole production process. With small ctibbvaareas,
that method of cob harvest is still the most economical and geasahigh
quality of the material obtained. Combine harvesting of corncob$ieoather
hand, requires high levels of energy expenditure (150 h&¥h

Combine harvest of sweet corn ensures higher levels of praitjicind
permits the cutting of cobs at their optimum phase of ripendsshvin the
case of this crop plant is of special importance. The latest engineeltitigrss
employed in the design of sweet corn combines ensure materldy qumaa
level similar to that obtained in cob harvesting by hand. A veppitant role
in combine harvesting of sweet corn is played by the proper iselect
varieties whose cobs ripening is uniform and which can be hadvéista
single pass of the combine. Currently available are svegatv@rieties whose
percentage of cobs ripening at the same time exceeds 95%.

The quantity and quality of sweet corn kernels affitdepend largely on the
kernel moisture and time of harvest, the locatibkeonels on the cob, the speed
of cob feeding to the cutter head, and on the spékedrnel cutting off from the
cob cores. Lower kernel moisture (approx. 69%teel to later time of cob
harvest, and relatively low working speed of thedhi€ad of the cutter (approx.
167 racs?) result in considerable deterioration in the dyatif the material
obtained and in an increase in cutting resistafibe.kernel mass obtained was
also strongly affected by the size and shape o§.cbbthe case of close to
cylindrical, the highest kernel mass and the besiét quality were obtained.
The time of harvest and the related dry mass content,lhasatbe variety, are
the factors with the strongest influence on the mechanical p&eenm
determined in the strength tests (force, modulus of elgstiaeformation) and
on the energy consumption. A similar relationship was observetidaralues
determined in the process of kernel cutting off on the corn cutezrée of
kernel mass cutting, quality of kernel cut surface, cutting seoedficiency
and energy consumption).

In view of the large number of new hybrid varieties of sveeen that appear
on the market, it is recommended to conduct strength tests tonideteheir
suitability for mechanical harvest and processing of cobs.
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Corn, also called maize, is one of the world's major cereak@ngd, we are
used as flour to make bread, to produce breakfast cereal, topopgern and, of
course, sweet corn is grown and sold as a vegetable. 8avaatobs are long (20-
25 cm) and cylindrical in shape. Inside the husks are paralled ofwgolden-
yellow seeds with soft threads running from the seeds to theftthge cob. The
kernels have soft skins and are sweet and milky inside. Rimwp quality,
harvest of standard sugary cultivars begins when kernels v@a¢6% moisture.
For preservation the sweet corn is cut-off from the cob.

Sweet corn is valuable plant about universal use in man's howng. The
lack of gluten, what is near growth of number of alimentagrgiks sweet corn's
essential feature it can significantly influence on grolgh consumptions. In turn
the growth of demand can influence on enlargement surface ofdwangs.
Climatical requirements and soil they are on majority ehasf Poland profitable
for her tillage, and therefore to possibly sweet corn's productitin success
realized on terrain of whole country.

Sweet corn's tillage fully provides market at present, wtiely are small with
regard on lack of consumers' habits. The economic regards atme of the
sweet corn's tillage in Poland do not it decide, or else the predymissibilities of
farms. The size of production be dependent on first of all ftemand as well as
utilization possibility of the got crop. The barrier restrietithe production this also
lack of well organized guided the sweet corn's nationalefdkv material market
as well as insufficient development of processing industry and cooling.

The requirements in presented monograph were untemt agrotechnical of the
sweet corn's tillage as well as profile of accdssithanges on our market. Methods of
harvesting of corn cobs' and technique of theicggsing were have talked over also.
Analyses' of mechanical process of separation @i ficores of cobs as well as
estimation of efficiency production the kernel tpiant in Poland were executed also.
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page 218 — Diversity of Corn (source: www.wikimedia.org, waburpee.com, www.seedquest.com,
www.harrismoran.com, www.botany.com, B. Dok, 11)

page 219 — Tassels located at the top of the main stadfpeiut
page 220 — Two ears located at the end of short branchess)
page 221 — Mature cob on the stalk

page 222 — The sweet corn production areas (center), alyspy (top) and at harvest (bottom)
(source: www.hartungbrothers.com/imagegallery)

page 223 — Sweet corn harvest and processing - from the ftecanner
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page 224 — Husk remove before corn cob processing

page 225 — Kernel cutter machine

page 226 — Prof. B. Dobrzaski observe cob move on feeder in cutter machine

page 227 — Cutting head in the front and opposite side

page 228 — A copy system of cutting head (top), the cokeamirtlet (bottom)

page 229 — Six knifes in cutting head (top) and cob corespay trough the cutting head (bottom)

page 230 — Eng. W. Bochgski with M. Sc. Eng. K. Skiba operate 6022 Insti@sting machine at
study of mechanical properties of sweet corn keftiogl) and cob corn at penetration test
performed with 8872 Instron Testing machine (bojtom

page 231 — Stand for energy consumption estimation abffytrocess (source: M. Szymanek)

page 232 — Corn cob and cob core surface after kernelraytti

" Al photo in appendix, except pages: 218, 222, 223 231, are performed and digitally developed
by Bohdan Dobrzsski, |11
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ABSTRACT

This is a book about sweet corn. Sweet corn beltmghe species as a most
remarkable cereal graiZea mays L., or maize, or as it is better known in North
America, corn. The authors describes origin of sweeataad its economic significance,
beginnings of sweet corn cultivation and the Warldading producers and exporters of
fresh and processed sweet corn. Raw material evergovers market trends and
development, the market in majors producers. Ptiodicsupply and demand
consumption and trade, as well as, directions efamsl nutritional value of sweet corn
kernels are also presented. Agricultural requirdsniem sweet corn cultivation, climatic
and soil requirements, tillage and fertilizatioowsg and plant care are discussed, as
well. The readers can find characterization of $veeen varieties including: sweet
(sugary) varieties, varieties with increased (eobdhcontent of sugars, super sweet
varieties. As an example is shown Syngenta list of v@sistich as: sweet corn varieties,
yellow, white and bicolor sweet corn hybrids angbesaweets hybrids, as well as,
TripleSweet with comparison to others varietiesexplanation what is a TripleSweet.

Sweet corn kernel structure, chemical compositeom] sensory qualities are
submitted in connection with standards, defingijotest procedures, estimation of
physical and chemical properties of sweet corn.chideical properties of sweet corn
kernels, the methods of study under quasi-statiditons at shearing, penetration and
compression test, as well as study at dynamic tondiare presented, too. Energy
consumptions, measurement of kernel cut-off proeffisency and method for the
measurement of the degree of corn kernel masshiietant are indicated as useful for
the measurement of the share of kernel fractiod«kamel quality at cut-off process.

Sweet corn cob harvest and sweet corn cob processing technolaggokcor
husking equipment, cutters and equipment for cut-off the sweet eonelkare
presented. The effect of harvest time on quality, physical prepednd
detachment process of sweet corn kernels its quality and sugar cdmesifett of
storage and blanching conditions on the mechanical properties and curtihg
process of sweet corn kernels, cutting efficiency and kerradityjueffect of cob
blanching on the energy consumption and efficiency of the cuttingegsoare
described, also. Postharvest cooling freezing and handling et som, labour,
costs and effects in sweet corn production, and some utilizatgs {Baking,
Boiling, Grilling, Microwave) of sweet corn in human nutritiomdatips for
preparation of dishes with sweet corn kernel as a majoediet are shown. The
monograph is decorated and equipped with colour photo appendix, presenting
sweet corn on the field, and at harvest and processing. Aiytnested in any
aspect of sweet corn research and development, marketing, iotiljzstc., should
find this book useful.
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