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Factors influencing maize kernel breakage - a review
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ABSTRACT

Maize (Zea mays L.) kernels are exposed to mechanical and physical impacts during harvest, transport, handling,
and processing. Between harvest and processing, there are losses in grain weight and reduced physical quality often
occurs. Cracked or broken kernels are quality factors that reduce the efficient use and sales value of maize grain. The
adverse influence of mechanical impact on maize kernels ranges from the development of small and large cracks of the
pericarp to completely broken kernels, and dust generation. Increasing the amounts of broken kernels results in potential
problems during storage due to faster spoilage of grain, difficult and uneven aeration during handling and grain drying,
increased risk of spontaneous heating and explosion, increased animal health issues due to reduced utilization rate, and
increased respiratory infections of humans and animals, and inefficient processing due to unfavourable ratio of high-
value products to low-value products in dry and wet milling. The maize kernel structure, the production system, and the
climatic condition’s during the maize growing season influence kernel hardness and brittleness or breakage susceptibility
causing differences in the amount of breakage present. During artificial grain drying, high temperatures on the kernel
surface lead to internal moisture gradients within grain kernels resulting in increased kernel crackage and breakage.

Keywords: climatic conditions, harvesting, kernel breakage, grain drying, grain storage

SAZETAK

Zrna kukuruza (Zea mays L.) izloZzena su mehanickim i fizickim utjecajima tijekom Zetve, transporta, i prerade. Izmedu
Zetve i prerade pojavljuju se gubici u masi zrna, ali dolazi i do pogorsavanja fizickih svojstava. Jedan od parametara kvalitete
kukuruza je i udio polomljenih zrna koji moZe djelovati na prodajnu vrijednost kukuruza i na u¢inkovitost prerade. Uslijed
mehanickog utjecaja u perikarpu zrna kukuruza mogu se pojaviti manje ili vece pukotine, ali moZe dodi i do dezintegracije
zrna i nastanka prasine. Povecanje udjela loma u masi zrna moze uzrokovati probleme tijekom skladistenja zbog brzeg
kvarenja zrna, oteZzanog i neravnomjernog prozracivanja (ventiliranja) zrnene mase tijekom rukovanja i susenja. Zatim,
povecava se rizik od spontanog zagrijavanja (samozagrijavanja) i eksplozije, povecdava se rizik od zdravstvenih problema
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kod Zivotinja zbog loSijeg iskoristenja hrane, povecava se rizik od oboljenja rukovanja ljudi i Zivotinja zbog respiratornih

infekcija i na kraju ne postize se ciljani (dobar) odnos visokovrijednih i manje vrijednih proizvoda u suhoj i vlaznoj meljavi.

Struktura zrna, primijenjena agrotehnika i klimatske prilike tijekom vegetacijske sezone, utjec¢u na tvrdocu i lomljivost zrna

ili osjetljivost na lomljenje, cime se mogu objasniti razlike u sadrzaju loma. Tijekom umjetnog susenja, visoke temperature

na povrsini zrna uzrokuju razlike u vlaznosti u unutrasnjosti zrna sto ima za posljedicu nastanak pukotina i u konacnici

lomljenje zrna. U ovom radu opisani su svi ¢imbenici koji posredno ili neposredno mogu uzrokovati oStecenja i lom zrna

kukuruza kao i probleme koje navedeni ¢imbenici mogu prouzrociti tijekom dorade i skladistenja zrna kukuruza.

Kljucne rijeci: klimatski uvjeti, Zetva, lom zrna, susenje zrna, skladistenje zrna

INTRODUCTION

Based on production area and the quantity of grain
production, maize (Zea mays L.) is the second most
important crop in the world, and it is the most important
crop produced in the Republic of Croatia (FAO STAT,
2023). Maize has an essential role in Croatian and world
food security, and consequently, every preharvest and
postharvest loss of grain quality affects the national
and global grain supply chains (Mesterhazy et al., 2020).
Today, maize is an important feedstock for production of
a large number of different products (Juki¢ et al., 2003;
Ranum et al., 2014). Maize kernel quality attributes have
been determined to facilitate marketing and end-use of
grain. One of the primary quality attributes is the percent
of broken kernels, that often reducing the quality of
the harvested grain (Guo Ya-nan et al., 2022). The two
basic methods for processing maize grain are dry milling
for grits, meal, and flour, and wet milling for extraction
of starch (Gwirtz and Garcia-Casal, 2014). For end-uses
requiring dry milling, the most important grain properties
are the absence of mycotoxins and a minimum of kernels
invaded by mold, a low percent of broken kernels and a
low level of stress cracks (Brekke, 1968); low brittleness
as measured by kernel breakage susceptibility (Bauer
and Carter, 1986; Kniep and Mason, 1989); high test
weight and a high percentage of vitreous endosperm
(Brekke, 1970., Paulsen and Hill, 1985); and a high yield
of large particles of maize endosperm (i.e. grits) with a low
concentration of oil (OTA, 1989; Paulsen et al., 1996 as
cited by Kim, 2000a).

Thus, maize genotype and production practices, climate
during the growing season, and harvest and handling

processes that influence these desirable attributes are

critical (Bilanski, 1963; Kneip and Mason, 1989; Duarte
et al., 2005). Physical kernel damage can be classified as
external and internal. External damage is caused mostly
during harvest by combines/harvesters and handling
equipment used to move maize grain from the field to the
processing facility. Internal physical damage is caused by
differential temperature and humidity of air surrounding
versus inside kernels during field and artificial drying, or by
physical impact or abrasion during harvest and handling
and on rough concrete surfaces (Kalbasi-Ashtari, 1980).
Damage caused by human activities or climatic conditions
has both visible and invisible impacts with direct effects
on grain quality or predisposing grain to further damage.
The physical quality properties of a kernel are affected by
the genotype, management practices, and environment
during field production, by harvest timing and type of
equipment during post-harvest handling, grain drying
practices, storage structures, and transportation method
(Maier and Bakker-Arkema, 2002; Mutungi et al., 2019).
During threshing, grain cleaning, conveying, and handling
grain loss can occur through both the sifting out of broken
kernels and the lowering of the quality of the remaining
kernels due to cracking, splitting, or breakage.

Namely, according to AACC method 55-20 (AACC,
1981), breakage susceptibility is defined as potential for
corn kernel fragmentation when subjected to impact
forces during (Martin et al., 1987). Between the field
to the processing facility, the processes of harvesting,
drying, storing, and handling maize physically stress the
kernels by a combination of forces including compression,
impact, shear, and abrasion (Watson and Herum, 1986).
These physical stresses interact with kernel physical and
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chemical properties, temperature, moisture level and
gradients (Fleurat-Lessard, 2016). Opinions differ to which
force in commercial handling is the most important for
kernel breakage, but most agree that cumulative impacts
contributor to breakage. The purpose of this paper is to
analyse the influence of various factors which cause the
maize kernel breakage during vegetation as well as during

the harvest, handling, storage and processing.

GRAIN YIELD AND GRAIN PROPERTIES

Grain yield and kernel breakage susceptibility

There are two basic principles that account for much of
the difference in kernel breakage of maize grain. The first
principle defines genetics, applied production practices,
high soil or fertilizer nitrogen, irrigation and climate
generally as the cause of higher grain yields and lower
grain protein of softer kernels that are more sensitive
to brittleness and more susceptible to kernel breakage
(Figure 1, Mason and D'Croz-Mason, 2008). The second
principle is based on the knowledge that conditions of
lower nitrogen supply to maize plants lead to decreased
total and zein protein concentrations in kernels, softer
kernels that are usually more brittle and more likely to
break (Figure 1). Often these two principles conflict with
each other as high nitrogen availability is important to
produce high grain yields, and producers must balance

Proper Genotype
Recomended Management Practices
High Soil or Fertilizer Nitrogen
Irigation (or Abundant Precipitation)

Low Fertilizer
Nitrogen

[ Low Soil Nitrogen]

Protein Grain Protein

Soft, Low Density Kernelsl

High Kernel Breakage
Susceptibility
(Brittle Kernel)

[ Low % Grain ] N [ Low%Zeino[]

High Grain Yield l

High % Grain Starch
Low % Grain Protein
Low % of Zein of Grain Protein

[ Soft, Low Density Kernels ]

Susceptibility

High Kernel Breakage
(Brittle Kernel)

Figure 1. Flow charts of relationships between grain yield and
nitrogen supply and maize kernel breakage susceptibility

the economic needs for high grain yield versus minimizing
potential kernel breakage. It is clear from the principles
presented above that producers and processors cannot
eliminate kernel breakage, but rather that management
and handling grain must be used to minimize kernel
breakage.

Properties of maize genotypes and breakage susceptibility

Kernel characteristics and ear structure of maize
genotypes are related to breakage susceptibility.
Kernel properties includes that larger kernels are more
susceptible to breakage than smaller kernels (Thompson
and Foster, 1963; Miller et al., 1981; Le Ford and Russell,
1985; Moes and Vyn, 1988), round kernels are more
susceptible to breakage than flat kernels (Thompson
and Foster, 1963; Martin et al., 1987; Moes and Vyn,
1988; Balala et al., 2023), heavily kernels have lower
susceptibility to breakage (Bauer and Carter, 1986), hard
kernels have higher horny-flour ratios and are usually less
susceptible to breakage than soft kernels (Le Ford and
Russell, 1985; Szaniel et al., 1984; Li et al., 1996), and
kernels with a thick pericarp have less kernel breakage
than kernels with thin pericarps (Szaniel et al., 1984; Li et
al., 1996). In addition to kernel properties, maize genetics
is a major factor influencing kernel breakage often through
regulation of kernel moisture concentration and rate of
drydown between physiological maturity and harvest
(thickness and properties of the pericarp and endosperm
type and osmotic diffusion pressure of the kernels and
morphological properties of ears, indirect effect on kernel
breakage).

FACTORS INFLUENCING THE KERNEL BREAKAGE

Pre-conditioning factors affecting maize kernel breakage

Scientists have been studying the factors thatinfluence
the occurrence of maize kernel breakage for many years.
A summary of factors influencing maize kernel breakage
are presented in Table 1 with related human management
activities and climatic factors. Below are the factors that
influence maize kernel breakage susceptibility.
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Factors influencing maize kernel breakage susceptibility
before physiological maturity

Kernel brittleness (i.e., kernel breakage susceptibility)
is the most important kernel property related to breakage
and is influenced by the applied management practices
(Table 1, Figure 2). Among applied management practices,
nitrogen fertilizer rate or soil nitrogen level has proved to
be more important than other factors, because nitrogen
increases the total and zein protein concentration of grain
(Jellum et al., 1973; Bauer and Carter, 1986.; Sabata and
Mason, 1992; Tsai et al., 1992; Zhang et al., 1993; Oikeh
et al., 1998; Singh et al., 2005; Miao et al., 2006; Ruffo et
al. al., 2007; Masoero et al., 2011; Holou and Kindomihou,
2011; Markovi¢, 2014. Simi¢ et al., 2020), and kernel
hardness and decreases breakage susceptibility (Johnson
and Russell, 1982; Kneip and Mason, 1989; Tsai et al.,
1992; Ahmadi et al., 1995; Duarte et al., 2005; Tamagno
et al., 2016). In production conditions with water deficits,
the protein concentration of maize kernels usually
increases as grain yield decreases (Ghassemi-Golezani et
al., 2016). By increasing the amount of soil and/or fertilizer

External factors affecting the grain
damage in maize harvest:
- Air temperature

- Precipitation

- Relative air humidity

- Soil properties

nitrogen, the proportion of zein protein increases and
kernels become more resistant to mechanical damage
(Rending and Broadbent, 1979; Tsai et al., 1992; Olckers
et al., 2022). The total and zein protein concentration
can be influenced by cultivation systems such as crop
rotation, double-crop and other production practices
that influence grain yield and nitrogen and zein protein
concentrations of grain (Simi¢ et al., 2020) and the related
kernel hardness and breakage susceptibility. According to
Fox and Manley (2009), both the content and composition
of the zein fractions affected hardness. Kernel hardness
is linked to specific zein proteins, especially alpha- and
gamma-zein (Paiva et al, 1991; Lopes and Larkins,
1991; Dombrink-Kurtzman and Bietz, 1993). According
to Dombrink-Kurtzman and Bietz (1993) more alpha-
zein proteins occurred in hard than in soft endosperm
fractions. In contrast, soft endosperm contained more
27-kDa gamma-zein on a percentage basis than did
hard endosperm. With increasing hardness, the kernel is
usually more resistant to mechanical damage (Cheetham
et al., 2006).

Herediitary properties of maize hybrids (i.e.,
genetic potential for yield and quality):

- Physiological processes and grain pouring /
- Grain water release before harvest I/

- Water content in grains during the harvest

$ - Number of leaves per cob
- Inclination of the cobs on the stalk
o
==a
£53
223
R (]
ada
-
\\
—
Grain properties affecting grain susceptibility to

Agrotechnical factors affecting the brea ;:g efe it o

gfr ain demage in maize harvest: - Chemical composition of grains

- Tillage system - Protein content

- Sowing time - Grain size
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Figure 2. Factors affecting damage to corn kernels during growing season and harvest

JOURNAL

Central European Agriculture
ISSN 1332-9049

405


https://doi.org/10.5513/JCEA01/25.2.4250

Review article

DOI: /10.5513/JCEA01/25.2.4250

Juki€ et al.: Factors influencing maize kernel breakage — a review...

By increasing the plant population grain yield is often
increased, protein concentration decreases (Ahmadi et
al., 1993; Ruffo et al., 2007), and susceptibility to kernel
breakage increases (Bauer and Carter, 1986; Moes and
Vyn, 1988; Vyn and Moes, 1988). Likewise, delayed
planting of maize often decreases grainyield and increases
susceptibility to kernel breakage (Cloninger et al., 1975;
Moes and Vyn, 1988; Vyn and Moes, 1988; Kneip and
Mason, 1989; Shumway et al., 1992). Irrigating maize
during the growing season, or presence of abundant
seasonal precipitation, decreases kernel density and
increases the susceptibility to maize kernel breakage
(Bauer and Carter, 1986; Kneip and Mason, 1989).
Kernel brittleness and other properties are influenced
by environmental factors during kernel development
between grain fill (i.e., from R3 to Ré growth stages) such
as soil water/moisture status, air temperature, and soil
nitrogen availability (Kettlewell, 1996).

Stressful conditions during grain-fill (stages R4 and R5)
often decrease kernel size and weight due to inadequate
carbohydrate supply (Abendroth et al, 2011). During
grain-fill growth stages, grain yield, starch, protein and
zein protein concentrations, and breakage susceptible
are determined. Starch synthesis in maize kernel is
more sensitive than protein synthesis to environmental
conditions thus is a more important factor is stress
production environments. Starch granules and proteins
are more strongly bound in the hard endosperm than in
the soft endosperm (Gooding and Davies, 1997). Martinez
et al. (2022) stated that endosperm hardness depends on
the degree of association between the protein matrix
and amyloplasts inserted within it. Maize endosperm
contains both amylose and amylopectin starch types,
and the proportion of these starch types is dependent
not only on genetics but also due to environmental
conditions (Beckles and Thitisaksakul, 2014). Martinez
et al. (2017) found that late sowing dates reduced the
amylose percentage and the amylose/starch ratio. High
temperatures during grain-fill growth stages cause a
decrease in the proportion of amylose and an increase
in the proportion of amylopectin in corn starch (Lu et al.,
1996). Maize kernel endosperms with a high proportion

of amylose starch are more compressible and harder than
an endosperm with a high proportion of amylopectin
starch (Dombrink-Kurtzman and Knutson, 1997). On the
one hand, increasing the starch content decreases kernel
hardness (Robutti et al., 2000), and on the other hand,
as mentioned before, increasing the amylose content
increases maize kernel hardness (Sandhu et al., 2007).
Thus, it can be concluded that in addition to total and
zein protein concentrations, starch properties also affect
kernel breakage. It is important that the appropriate
genotype be planted (Duarte et al., 2005; Novacek et
al., 2013) in a desirable climate with recommended
production practices (Eyhérabide et al., 2004; Cirilo et
al., 2011; Martinez et al., 2022) and that the duration
of grain fill lasts as long as possible to attain high grain
yields (Novacek et al., 2013) with hard/dense kernels
with desirable shape, size and low kernel breakage
susceptibility is produced.

Factors influencing maize kernel breakage susceptibility
between physiological maturity and harvest

After physiological maturity, kernel and ear structure
affect the kernel moisture content at harvest, altering
breakage susceptibility. Kernel moisture is related to the
thickness and properties of the pericarp (Purdy and Crane,
1967b; Wolf et al., 1969; Helm and Zuber, 1969), and
endosperm type and osmotic diffusion pressure of the
kernels (Crane et al., 1959; Purdy and Crane, 1967a; Nass
and Crane, 1970; Georgiev and Mohutanov, 1980). Kernel
moisture is also related to the morphological properties
of ears (Fig 2). These include husk leaf number (Troyer
and Ambrose, 1971; Georgiev and Mohutanov, 1980;
Cavalieri and Smith, 1985; Juki¢, 2004; Nielsen, 2018),
husk leaf thickness (Nielsen, 2018), husk leaf senescence
(Snelling and Hoener, 1940; Baron and Daynard, 1984;
Cavalieri and Smith, 1985; Sweeney et al., 1994; Nielsen,
2018), husk coverage of the ear (Juki¢, 2004; Nielsen,
2018), husk tightness (Troyer and Ambrose, 1971;
Nielsen, 2018), and ear inclination/ear angle (Cavalieri
and Smith, 1985; Juki¢, 2004; Nielsen, 2018). The rate
of water release from kernels from physiological maturity
to harvest is influenced by weather/climate conditions
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(Dodds and Pelton, 1967; Jukic¢ et al., 2007) and applied
management practices such as sowing time, plant
population, and fertilizer application (Olson and Sander,
1988; Peji¢ et al., 1997; Juki¢, 2004, Figure 2).

Factors influencing maize kernel breakage during grain

harvest

With the
(harvesters) and grain carts, grain harvest is faster and

development of modern combines
easier, but the problem of kernel breakage has increased,
especially when poor environmental conditions are
present at harvest or when improper harvester settings
are used. Since the 1970s, attention has increasingly
focused on mechanical damage of maize kernels during
harvest (Mahmoud and Buchele, 1975). W. Baader (1964
as cited by Volkovas et al., 2006) indicated that kernel
damage is higher for maize than other crops due to these
morphological characteristics and to the fact that most
maize is mechanically harvested. The factors influencing
the amount of kernel damage may be divided into plant
and machine parameters (Table 1; Waelty, 1967). Plant
parameters include kernel hardness or strength as
measured by compressive strength, tensile strength,
shear strength, modulus of elasticity of the kernel, kernel
detachment resistance as measured by rachilla strength,
glume-kernel bond strength, and cob characteristics
(Waelti,
1967). These plant parameters are largely controlled by

of compressive strength and deformation

genetics but can be somewhat modified by production
environment and practices. The primary cause of
mechanical kernel damage during harvest is shelling the
grain (i.e., separation of maize kernels and cob; Chen et
al., 2020).

One factor which leads to increasing the percentage
of broken maize kernels is high-impact shelling action
during combining (Kline, 1973; Chowdhury and Buchele,
1978; Nguyen, 1982). When maize grain is being shelled
by a concave combine cylinder, the ears are subjected to
low and high impacts and compressive loading between
the rasp bar and the filler plates of the cylinder and the
steel bars of the concave (Chowdhury and Buchele, 1978).
Maize ears with different diameter, shape and length are

genotype properties that influence the cylinder-concave
clearance which is an important machine parameter
(Waelti, 1967; Petkevicius et al., 2008; Zimmer et al.,
2009). Li et al. (2023) report that Huang et al. (2018)
found that the concave clearance was the main factor
affecting the maize threshing rate and kernel damage
rate. Mechanical damage increases with increases in
cylinder speed (Waelty, 1967; Chowdhury and Buchele,
1978). Differences between axial and tangential threshing
mechanisms in maize kernel damage have been found
with the fact that axial threshing mechanisms was better
than tangential in most of the studied properties (Ponic¢an
et al., 2009). Other important machine parameters are
type and number of cylinder bars (Waelti, 1967), settings
of threshing devices (Baader, 1964, as cited Volkovas et
al., 2006), and different threshing component types (Ma
et al., 2020). Wang et al. (2021) reported that harvest
losses are mainly caused by incomplete threshing and
the breakage of kernels. Mechanical breakage at harvest
has been shown to be influenced more by kernel size,
shape, and structure than by kernel hardness (Martin
et al., 1987). Besides ear and kernel morphology, kernel
moisture concentration greatly influences maize kernel
breakage (Kline, 1973; Johnson, 1982; Dutta, 1986;
Cheetham et al., 2006; Zimmer et al., 2009; Shahbazi
and Shahbazi, 2018; Ma et al., 2020; Gou et al., 2022)
with least damage occurring at optimal harvest kernel
moisture concentration of 18 to 24% (Johnson, 1982;
Cheetham et al., 2006; Zimmer et al., 2009).

Factors influencing maize kernel breakage during the
grain drying

Modern maize production practices to optimize
grain yields usually results in grain harvest at 25 to 40%
moisture concentration, thus requiring artificial drying
(Pliesti¢, 1997; Vitazek, 2011). Grain drying is a very
complex thermophysical process causing temperature
and moisture gradients within kernels and within the
grain storage bin. Wetter and warmer grain swells,
drier and colder grain shrinks thereby forming physical
gradients that lead to tissue rupture causing stress
crackage and kernel breakage (Abasi and Minaei, 2014).
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The first indication of stress from drying is a single crack
usually extending from the tip toward the crown of the
kernel and visible on the side of the kernel opposite to
the germ (Gunasekaran et al., 1985). The grain drying
method influences the amount of maize damage (Table 1).
Brown et al. (1979) found that kernel stress cracking was
prevalent in all batch-dried grain, regardless of the drying
temperature. Breakage susceptibility and stress cracking
increases with length of high drying temperatures and
long drying time (Wetchacama et al.,, 2001). When the
drier air temperature rises from 25 °C to 60 °C, it has
no apparent effect on kernel chemical makeup or test
weight while increasing kernel breakage susceptibility,
stress-cracked kernels and percentage of broken kernels
(Paulsen et al., 1983; Peplinski et al., 1989; Glrsoy et al.,
2013). As drying temperature increases from 50 °C to 80
°C, the percentage of kernels with multiple and checked
stress cracking increase (Kim et al., 2000b). Slow cooling
after drying at high temperatures significantly reduces
stress cracking.

Stress crack development was also increased by higher
drying temperature and higher harvest moisture (Kim et
al., 2000b; Weller et al., 1990). Rapid high temperature
drying increased stress cracking of kernel, increase
breakage susceptibility pre-disposing grain to breakage
during subsequent handling (Nguyen, 1982; Vitazek and
Jurik, 2015). There are new technologies for drying maize
grain that aim to reduce energy consumption and at the
same time preserve the quality of the grain (Babi¢ and
Babi¢, 2020; Babic¢ et al., 2007). Certain quality parameters
of maize grain are influenced by the temperature of the air
used to drythe grain. The laboratory quality characteristics
of test weight, viability, amount of kernel stress cracking
and steeping performance were determined by Peplinski
et al. (1994). Increasing drying temperature decreased
test weight, germination, nitrogen solubility index, and
increased kernel breakage susceptibility. High drying
temperatures differentially reduce grain quality of dried
kernels dependent on genotype (Shoughy et al., 2009).
High-temperature drying maize grain reduces the wet
milling starch recovery and quality (Vojnovich et al., 1975;
Weller et al., 1988; Haros and Suarez, 1997) and dry

milling yield and number of high-value products (Brekke
et al,, 1973; Peplinski et al., 1982; Kirleis and Stroshine,
1990).

Factors influencing maize kernel breakage during grain
handling

Maize kernels may be handled 20 to 40 times between
harvest and final processing (Hall, 1974, as cited by Dutta,
1986). There are two basic types of mechanical damage
- abrasion and impact. Abrasion is caused by friction of
the maize kernel sliding over a surface like concrete or
metal. For the most part, abrasion results in very little
kernel damage. Impact is the major cause of mechanical
damage. Kernel is a fragile commodity that we are
continually impinging against hard, immovable objects
(Beckham, 1988). The various handling operations may
include free fall and conveying equipment such as screw
conveyors, vertical bucket elevators, drop spouts and
kernel throwers (Table 1).

Repeated handling of maize kernels in a grain elevator
reduces physical quality, including increased kernel
breakage (Boac, 2010). Kernel damage or breakage
occurs during grain transfer from the unloading pit to the
silo storage cell. These are due to loading and unloading
of vehicles, trampling of grain, passing kernels through
screw augers and bucket elevators while filling silo cells.
The bucket elevator produces breakage through impact
when buckets collect maize grain from the elevator boot
(Boumans, 1985; Pliesti¢ and Sutalo, 2001). Sands and
Hall (1971) studied shelled maize grain damage during
transport in a screw conveyor. They found that the
conveyor caused a small amount of damage to dry maize
when operated at full capacity, but the level of damage
increased greatly when the conveyor was operated at
1/4 capacity. Maize kernel breakage during pneumatic
conveyance is mostly due to turbulent interchange in
the flow pattern, impact of kernel with each other and
with pipe wall, impact at elbows (i.e., change in direction
and crushing at airlock feeder) (Mwaro et al., 2012),
and increasing velocity (Hellevang, 1985). Similarly,
Chung (1969) concluded that greater air velocity, higher

conveying length, lower grain moisture concentration, and
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larger size and/or round of maize kernels increased the
amount of broken kernels and stress cracks, dockage, and
total physical damage caused by pneumatic conveying.
The most important factor was the air velocity, followed

by the conveying length.

Kernel velocity, moisture content, impact surface,
angle of impact, size and shape all have been shown
to influence impact damage to maize kernels, with the
kernel velocity at impact being the most important, and
kernel size and shape (large round, small flat and large
medium flat) the least important factors (Keller et al.,
1972). Drop height was the most important variable in
the free-fall and spouting tests (Foster and Holman, 1973)
and reducing drop height shows the greatest potential for
breakage reduction in commercial grain handling (Fiscus
et al., 1971). Kernel breakage caused by grain falling on

top other grain is consistently less than that caused by
grain falling onto concrete at all grain temperatures and
moisture concentrations (Fiscus et al., 1971). Mechanical
damage has a negative impact on the storage of maize
grain (Table 2).

During the handling of grain bulks, segregation is
a natural tendency of the grain mixture components
differing in some properties such as size, shape, density,
particle surface roughness, electrostatic charge, chemical
affinities, and stability, and/or thermal stability (Jian et
al., 2019). According to the authors segregation causes
many grain storage problems such as non-uniform
distribution of airflow during drying and aeration, insect
and mold multiplication spots, hot spot development (a
pocket of grain with significantly higher temperatures and
moisture contents than its peripheries), incorrect grade

Table 2. The relationship between maize kernel breakage and some factors during handling and storage

Losses
Factor Cause Consequences
Quality  Quantity
Respiration Mechanically damaged kernels have Spontaneous heating (self-heating), hot spots, .
(aerobic) higher respiration rates bin-burning, possible degrading.
Insects and mites  Mechanically damaged kernels are Spontaneous heating, bin-burning, degrading,
suitable for insects and mites feeding contamination, food safety, rejection for N .
processing, impact on human health (allergens,
bronchial asthma, farmer's lung, mycotoxins).
Microorganisms Fusarium spp. and Aspergilus spp. Spontaneous heating, bin-burning,
(Bacteria, fungi) infection during the vegetation contamination by mycotoxins, degrading,
food safety, rejection for processing, impact + +
on human health (allergens, bronchial asthma,
farmer's lung, mycotoxins).
Stratification and  Broken kernels accumulate at or near Appearance of rat holes and bridges in bins,
aggregation of the center of core in the bin sticking to bin walls, clogging of silo cells . .
grain mass openings, interruption of operations, impact on
general safety.
Ventilation Broken kernels reduce the efficiency of  Increasing consumption of electrical power and .
ventilation in bin consequently costs of energy increase.
Dust formation Maize is one of the dustiest grain crop Impact on safety + +
products; the harvesting of wet maize
and forced drying - higher kernel -Human safety (allergens, respiratory problems)
breakage and amount of dust; smaller )
particle size - higher explosiveness; - Explosion
drier particles are easily ignited; reduced )
particle size via breakage decreases the - Fire
economic value of maize Costs of cleaning labour force and maintenance
costs of equipment for dust control
Lower proportion of high value products and
product loss as dust (considerable importance
for dry milling)
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evaluation, and dust explosion. Mills (1989) states that
cleaning harvested material to remove high-risk debris,
broken seeds, immature weed seeds, chaff, dust, and
other fines can improve the efficiency of aerators and bin
driers by increased airflow. Damaged maize grain does
not only reduce the market value, but also increases the
respiration of damaged grain, which easily causes fever
fermentation and infection by disease mold (Yang et al.,
2022). According to Mills (1989), mold activity in binned
seed products can result in clumping and aggregation of
grains in localized areas, formation of bridges of material
across the top or within the bin contents, or adherence of
material to bin walls (hang-ups). Heat, which is produced
by both seed and mold respiration, is manifested as an
increase in grain temperature. Hot spots are areas within
a bulk commodity that have a higher temperature than
the surrounding material (Mills, 1989). As a result of the
increase in temperature in the grain mass, self-ignition
can occur. With each handling operation in grain facilities,
dust is also generated (Martin and Sauer, 1976; Hurst and
Dosman, 1990; Table 2). Thiam and Dyck (2020) found
that 80 to 90% of the dust is generated during the grain
transportation and reception in grain facility, and the
other 10% during drying. Dust emitted during handling
is a safety and health hazard as well as an air pollutant
(Boac et al., 2009). The dust fraction smaller than 8 um
includes the respirable fraction that negatively influences
health of workers and livestock animals (Martin and
Sauer, 1976). Handling shelled maize grain generates
more than twice as much total dust than handling wheat
(Triticum aestivum L.). Dust may include particles of grain
kernels, small amounts of spores of smuts and molds,
insect debris, pollens, and field dust. Dusts have a high
organic content and a substantial suspensible fraction,
and concentrations above the minimum explosive
concentration (MEC) pose an explosion hazard (US EPA,
2003). The cumulative amount of broken maize and dust
produced by repeated handling is linearly related to the
amount of grain transfers within grain elevators (Converse
and Eckhoff, 1989). The rate of broken maize generation
and dust emissions increases with high temperature
heated-air drying. Considering all of the above, a lot of
knowledge and experience is needed to preserve stored

grain.

CONCLUSION

Maize kernel breakage has an important influence
on price as broken corn and foreign material (BCFM) is
a grading factor. In addition, there is lower production
of high-value end products during wet and dry milling.
Grain drying is negatively influenced by breakage due
to segregation of broken kernels during grain bin filling
leading to pockets wit reduced air flow in the stored grain.
Without adequate air movement to control formation
of temperature and moisture gradients, the segregated
material increases moisture and temperature spots in the
gain bin leading to development of molds and increasing
storage insect infestation.

Kernel breakage leads to increased dust generation
with consequent human and livestock health issues and
possible grain combustion. Therefore, the evaluation
of breakage susceptibility is critical for assessing maize
pricing and determining best handling and transport
methods. We further investigated the relationship
production and climatic factors that precondition maize
grain for kernel breakage and some ear morphology
and kernel factors that influence grain breakage during
harvest, handling, and storage. Maize kernel breakage
cannot be avoided in modern production, but can be
reduced by genotype selection, production management,
and use of gentle harvesting and handling methods.
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