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APPLICATIOH OP THE MARYLAKD SHEAR PRESS
II DETERMIHIHG THE FIXTURE OF
CAllstED WHOLE KERNEL CORH
CHAPTER I
IHTROBUCTIOH
Tenderness and maturity ar© the most Important factors in the ©valuation of th© quality of whol© kernel corn.
The If. S. standards for grades for whole kernel corn ar©
baB©d on flv© quality factors.

One is tenderness and

maturity, which is assigned 40 out of a possible 100 points
in scoring.

This indicates very i^sll the importance that

is placed on the degree of tenderness and maturity of tha
product.

In addition it is on© of th© most difficult fac-

tors to judge objectively in the canned product.
The Production and Marketing Administration employs
only subjective methods in establishing grades for the
products it is concerned with.

These subjective methods

are influenced by the human factor, and errors are, therefore, easily introduced.

During the last few years th©

trend has been for research workers to develop objective
methods to arrive at the maturity index of whole kernel
corn.

The best known of these methods will be reviewed

in th© next chapter.
' The shear press is a multipurpose Instrument which
can b© used for a variety of products, both raw and cooked*
It is designed to measure pressure, cutting, shearing,
and penetrating.

Previous to the development of this
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instrument, machines had been developed with a single
purpose, for a single product.

The advantage of the

shear press is therefore obvious.

Instead of having a

machine for every product, a processing plant could acquire this shear press and use it for numerous products
in which tenderness plays an important role in the final
grade.
With this in mind, this study was undertaken to
find out if th© Maryland shear press could be used as an
instrument to determine the texture, or, in other words,
tenderness and maturity of whole kernel corn.

The shear

press that was used was made by the Bridge Food Machinery
Company, Philadelphia 35, PQnhsylvanla.

The instrument

was used to measure th© force necessary to shear a given
sample of corn.

The results obtained with the shear press

v/ere compared with known maturity index methods.
methods used for comparison were:

The

the succulometer, which

measures the succulence of the corn expressed in ml. of
juice \7hich is extracted from a 100 gram sample of corn;
the pericarp content in percentage; the largest diameter,
in inches, of 20 kernels of corn; and organoleptic grading
of th® corn by a panel of judges and an inspector from the
Production and Marketing Administration.

CHAPTER II
LITERATURE REVIEW
To arrive at the maturity index of a sample of corn,
numerous methods have been proposed.

These methods are

classified as subjective and objective methods.
The subjective method of determining maturity of
corn is the well-known thumbnail test.

The use of this

method is widespread in the industry, and also it is the
method that is officially accepted by the P. U. A.

Be-

cause of the subjectivity of the method, numerous objective methods have been proposed to determine the maturity
index of corn.

These objective methods can be divided

into chemical and physical methods.

The most promising

of these methods will b© discussed in the next few pages.
Chomioal Methods of Determining Maturity of Corn.
About the first work done to establish the relationship between maturity and the chemical changes that take
place in the corn during the growing season was done by
Culpepper and Magoon (5, 6, 22).

They found that the

amount of polysaccharides, the ratio of reducing sugars
to non-reducing sugars, and total sugars were all changed
during the growing of the corn and could be used in prediction of the most desirable time of harvesting and
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also for a quality index.

Their work has been substanti-

ated by a number of workers in the field.
Carter, Olson, and Henry (4) correlated various of
the chemical methods with the moisture content as determined by the vacuum oven.

They found a very good corre-

lation between the oven moisture test and crude starch,
crude caretenoids, iodometric starch, total sugars, etc.
All of these methods measure the maturity of the corn
very well, but the disadvantage of these methods is that
they are time-consuming and cannot be used in a plant
V7here quick results are of greater value,
Williams, McComb, and Waushauer (26) have developed
a new moisture test to determine the maturity of corn.
The test is based on loss in weight of the corn sample
from the reaction of calcium carbide with the water in
the sample to form aeety&sn^v They reported that the test
is very rapid, taking about ten minutes to run.

An ac-

curacy of t 1$ can be obtained as compared with the
vacuum oven test.
processed corn.

It can be used for both fresh and
This method has not been accepted gener-

ally in the industry or by research groups because it is
not so rapid as other methods that have been developed
and also because it is not simple enough.

A few chemicals

and an analytical balance are required, but a great number
of processing plants do not have either the facilities or
the equipment to run the test.

Physical Methods of Determining Maturity of Corn
The trend has been more and more in the direction
of developing physical methods that are rapid, simple and
accurate for use as a routine check on the production in
the processing plant,

A number of plants already employ

some physical methods to check on the maturity of the corn
as it moves along the processing line and to help in deciding when a field should be harvested,
Culpepper and Magoon (5, 22) were among the first
investigators to employ a physical method to evaluate corn
for maturity.

They used a puncture tester to determine

the toughness of the pericarp, which proved to be a fair
measure of the maturity.

They found, however, that

other factors than the toughness of the pericarp affect
the texture of the corn.

Bailey and Bailey (1) studied

the relationship of pericarp to tenderness in corn.
Their results indicate that the pericarp resistance to
puncture increases markedly with advancing maturity*

How-

ever, the pericarp resistance differs between varieties.
Kramer, Guyer, and Ide (19) determined the pericarp content of corn quantitatively.

They obtained fair results

when correlated with succulence.

They stated that the

pericarp content is a better index of skin character and
flavor.
Moisture content is generally considered to be a
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very good index of the maturity of the corn.

Uumerous

methods have been proposed to measure the moisture in
corn both directly and indirectly.
are rapid, others slow.

Some of these methods

The moisture determination that

is generally accepted to be the most accurate is the
vacuum oven moisture test.

Geis©, Homeyer, and Tiseher

(8) in a comparison study of the vacuum oven test, BrovmDuvel moisture test, and the Steinlite moisture test
found that the vacuum oven test is the most accurate;
next accurate is the Steinlite, and least accurate the
Brown-Duvel.

Standard deviations of the three methods

were found to be ±0.39, 0.69, and 1,17 respectively.
Scott, Belleengren, and Hitchell (13) have proposed
a method that measures the refractive index of the juice
that is obtained from the corn after crushing it, thus
measuring the maturity of the corn.

A special refracto-

meter has to be used with a prism of small range and large
areas because of the nature of the sample.

An accuracy

of i 1$ is obtained with the refractometer as compared
with moisture content as determined by the Brown-Duvel
moisture test.

The test is simple and rapid, and read-

ings can be obtained in approximately one and a half
minutes.

Although the operation of the refractometer is

simple, there are certain disadvantages on the use of
this Instrument.

It is very sensitive, and the calibra-

tion, which may be easily thrown off by slight bumping
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or vibration, has to be checked against zero-readings with
distilled water (2).
The A. I. 3« (alcohol Insoluble solids) method is
a very good test to determine the maturity index of corn*
It has been adopted as the official method of the Pood
and Drug Administration to determine the maturity of canned
whole kernel sweet corn and other products.
Kertesz (14) developed the present simplified
A. I. S. method for determining the maturity of com.
Jenkins (11) applied the A. I. S. method to sweet corn
and found that the method could be used to indicate the
maturity of sweet corn.

Many workers have, since then,

applied this method in maturity determination of sweet
corn.

Jenkins and Syre (12) report that the A. I. S.

may serve as an index of maturity and quality of canned
corn.

Garter, Olson, and Henry (4) in an extensive com-

parison of several corn maturity index methods got a
correlation coefficient of 0.988 with the A. I. S. when
correlated with moisture as determined by the vacuum
oven method.

As both methods are considered a very good

index for maturity of corn, the high correlation coefficient is not surprising.

Gould, Krantz, and Mavis

(10) report in a study of quality evaluation of fresh,
frozen, and canned corn that the A, I. S. is the most
reliable method for determining the maturity of fresh,
frozen, and canned corn.
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On© of the most roeent additions to the objective
physical methods for dotenainatlon of the maturity of
whole kernel corn is the sueculoraeter, which was developed by Kramer and Smith (22),

The sucoulometer is a

simplified hydraulic preos which measures th© succulence
of the corn.

The, succulometer values are expressed In

terms of millimeters of juice extracted from 100 grams
of corn.

They report that It is approximately as ac-

curate aa the moisture tests on the raw com and the
A. I. S. content of the canned corn.

It is very simple

to operate, and results can be obtained in approximately five minutes.

The advantage of this method is

that it is very rapid and easy to perform.

Reports from

various workers indicate that It can be used \7ith reasonable accuracy to determine maturity of corn.

Gould,

Kranta, and Mavis (10) recently reported that the succulence as fietorained by the succulometer is the most reliable quick method of determining the maturity of canned
and frozen corn.
In a recant paper Johnson and Bennet (13) reported
a new objective method to determine th© maturity of sweet
corn.

The method is a turbidity test which is based on

the light scattering effect of the components of the kernel when blended and suspended in water.

They report

that the method is highly sensitive, reproducible, and
quick.

The maturity is evaluated on a relative basis
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by means of the light transmitted through the solution and
is expressed in percentage.
Kramer, Burkhardt, and Rogers (18) describe a new
instrument which they called the shear press.

The descrip-

tion of the shear press will appear in a later chapter.
It was developed with the idea in mind that it could be
used for several purposes, such as measurement of pressure,
cutting, shearing, and penetrating for a variety of foods,
both cooked and raw.

Most of the instruments developed

previous to this shear press have been developed for a
specific purpose.

For example, the tenderometer, which

is used entirely for raw peas, has been tried on other
products, both raw and cooked, with not very promising
s'

results, because the tenderness gauge is connected directly to the power unit.

In the new shear press the

tenderness gauge is actuated by a system entirely independent of the power unit that drives the instrument.
For this reason much more precise results are obtained
with the shear press than with the tenderometer.
lo reports have appeared in the literature regarding the use of the shear press in determining the maturity or tenderness of whole kernel corn.

Kramer, Aamlld,

Guyer, and Rogers (20), in a recent publication, report
on its suitability in determining the maturity of lima
beans.

They report a correlation coefficient of 0.98

with it against the A. I. S. and a correlation coefficient
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of 0*93 against a taste^panel on the canned lima beans.

11
CHAPTER III
DESCRIPTION OP THE SHEAR PRESS
The Shear Press as Received from the Manufaeturer
The entire shear press assembly as it was received
from th© manufacturer was mounted on a steel platform
24 by 30 Inches.
The shear press consists of the following eight
parts?1

(a) a test cell box and grid, which consists of

a series of plunger plates, designed for a given product
or products;

(This test cell box and grid are inter-

changeable depending on the nature of the product that
is being tested.)

(b) a test cylinder with a floating

piston attached to the plunger plates to transmit the
force applied to the product to a 1/2" round rod which
actuates the tenderness gauge which is atop the test
cylinder; (c) a power cylinder to provide the actuating
force; (d) a valve to control the travel of the test
cylinder; (e) a flow control valve to vary the speed of
travel of the test cylinder; (f) a hydraulic pump unit;
(g) a reservoir for the oil; and (h) an l/2 H. P* electric motor to drive the hydraulic pump.

1

Personal letter to the author from E* W. Bridge, Jr.,
Bridge Pood Machinery Company, Philadelphia, Pa., dated
April 13, 1953.
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Bfodifioations Made on the Shear Press
Before the experimental work was started with the
com, some preliminary sample runs were made with the
shear press.

During these runs it was observed that vi-

brations due to the electric motor caused the readings
to vary much more than had been expected; i.e., it was
almost impossible to obtain reasonably consistent readings with a rather homogeneous food product.
Due to this difficulty, rubber packings were placed
between the electric motor and the platform to which the
motor is screwed.

Rubber packings were also placed be-

tween the tenderness gauge and the place of attachment,
which is atop the test cylinder.

This decreased the vi-

brations to some extent, but the vibration of the gauge
needle was not completely eliminated.
Mext the vibrations of the needle i-irere eliminated
by moving the cylinder mechanism to a sturdy table placed
in front of the original platfom.

This may be observed

in Figure 1.
This modification of the physical set-up of the
shear press did not destroy any of the features of the
machine or alter in any way the operating mechanism of
the machine.

The only addition to the machine was a

complete renewal of the copper tubings that carry the oil
from the hydraulic pump to the cylinder mechanism.
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After this modification of the machine, th© vibra*"
tion of the gauge needle was eliminated completely, and
much better results were obtained with th© shear pr©ss»
Finally the original gauge was replaced by a more
sensitive one which was calibrated into 1 kilo divisions
with a maximum reading of 100 kilos.

The original gauge

was calibrated into 15-pound divisions with a maximum
reading of 1500 pounds.

This gauge was replaced by a

more sensitive one which was calibrated into 1 kilo
divisions with a maximum reading of 100 kilos.

This

change was mad© because preliminary sample runs with th©
shear press had revealed difficulties in reading the
gauge calibrated into 15-pound divisions.

The new gauge

proved to be much easier to read and also gave more precise results.
With these modifications made on the shear press*
the experimental work on the com samples was started.
The Operation of the Shear Press
In the instructions for operating th© machine1 the
first step is to "zero inw th© tenderness gauge by running
the plunger plates through th© empty test cell box which
previously has been thoroughly wetted.

The maximum

^•Personal letter to the author from E. W. Bridge, Jr.,
Bridge Food Machinery Company, Philadelphia, Pa., dated
April 13, 1953.

14

Fig. 1
The Modified Shear Press
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pressure thus shown on the tenderness gauge, while the
plunger plates make their full travel through the cell
box, should be compensated for by loosening the screw on
the side of the gauge dial and moving the dial clockwise
the amount required to compensate and then tighten the
screw, thus eliminating the force required to push the
plunger plates through the test cell box.
In the preliminary sample runs with the shear press
the above instructions were not at hand.

However, blank

readings were taken prior to the start of every sample
run.

At first it seemed advisable to subtract these blank

readings from the sample readings.

However, since the

blank readings remained fairly constant from day to day,
all the shear press values in this investigation are
reported without corrections being made for the blank
readings.
To obtain shear press values one should proceed as
follows:

The test cell box and the plates are wetted

thoroughly.

The test cell box is placed on the bottom

grid plate, and a sample of corn, previously weighed, is
placed in the box and leveled on the bottom grid plate
as carefully as possible.

Precaution in placing the corn

sample in the box is very important, because a nonuniform
thickness of the sample in the box will make the readings
inaccurate.

After the sample has been placed in the box,

the top grid plate is placed on the box, and the entire
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assembly is slid into the machine.
The electric motor which operates the hydraulic pump
is then started, forcing oil from the reservoir through
the control valve and back to th® pump*

As the control

lever is pulled toward the operator and the power piston
descends, the plunger plates enter the slots in the top
plates and pass through the com sample and through the
slots in the bottom plate*
Resistance of the corn to the passage of the plunger
plates is measured by the tenderness gauge on top of the
machine.

As the power cylinder pushes dovmward, the re-

sistance of the corn exerts an upward force on the piston
inside the test cylinder.

The top of the test cylinder

piston, in turn, pushes against a 1/2" round rod in the
top of the cylinder.

This upward force actuates the

gauge which indicates the tenderness of the corn.
When a number of samples are run in succession,
care should be taken to wash out the test cell box and
grid after each determination.

This will prevent materi-

al from sticking to the parts which otherwise could cause
irregularities in readings of the shear press.

17
CHAPTER IV
EXPERIMENTAL PROCEDURES
Preparation and Source of Samples
*•

CoPn for Sample Size Determination for the

Shear Press*
The com that was used for the determination of
sample size for the shear press was a coiffifiercially packed
corn.

Two cases of whole kernel corn were purchased from

a local grocery store.
cans were identical.

The code marks on each of the 48
This fact provided a reasonable

guarantee of the homogeneity of th@ corn.

In case that

the corn was slightly different in each case, the cans
were removed from the cases and shuffled to eliminate as
much as possible the possibility of heterogeneity of the
corn in the different cans.
^

Qorfl for Determination of the Various Maturity

Indexes.
Twenty-one varieties of corn were used in the determinations of the various maturity indexes studied in this
work.

The com was grown on the horticultural farm near

the college.

Harvesting was done in August and September.

The entire plot of ©ach variety was harvested at one picking.

This was done in order to have only one maturity
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index for each variety and to simulate eonsaerelal practices.
The corn was processed in the pilot plant of the
food technology department.

In the preparation and pro-

cessing of the corn, eoamercial practices were employed
as closely as possible,
The preparation and processing were as follows.

The

corn already had been husked when brought into the plant,
so it VJ&B ready to go through the processing.

The com

was first blanched on the cob in boiling water for five
minutes.

Then it was cut in a commercial corn cutter and

trashed in running cold water, which removed most of the
loose materials such as silk, loose skins, loose germs,
and other foreign matter.

Then 13.5 ounces of corn were

filled into each Wo. 2 can, and one 30-grain salt tablet
was added.
justed.

Water was then added and the headspace ad-

The cans were sealed under vacuum and retorted

at 240° F. for 50 minutes.

After the processing, the cans

were cooled in cold water to room temperature.
Shear Press
!♦

Determination of Sample Size,

Kramer, Burkhardt, and Rogers (18) in their first
experiments with the shear press observed that significantly better results could be obtained when weighed
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samples instead of samples by volume were usod.

Thej

took 100 ml. samples, woighed them afterwards, and ran
those samples in the shear press.

They found that the

standard deviation of ten such samples ranged from 2.07
to 2.57 grams.

At the same tim© tho shear press values

fluctuated, having standard deviations ranging from
16.2 to 23.8 pounds.

Consequently tho first phase of

the investigation was to determine what sample size
would bo host suited for the. shear press.

Prom pr©=

liminary runs* the author found that sample sizes from
30 grams to 70 grams would be best suited for tho rang©
of th© tenderness gaug© on this shear press.
The sample sizes chosen for this investigation
were 30, 40, 50, and 60 grams.

Sixty-on© shear press

determinations were mads on each of these sample sizes
to provide results as reliable as possible and to provide data well suited for statistical analysis.

As it

takes approximately three minutes for each deteraination, thus about 13 hours for 244 determinations, the
time element made it impossible to open all 48 cans at
the same time.

Mixing th© contents of all 48 cans would

.have made the entire sample homogeneous and would have
been th© ideal procedure.

However, enough cans were

opened and the contents mixed to run about 30 determinations at one time.

This was don© twice a day for four

days to complete the 244 determinations.
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2.

Shear Press Value Determinations.

As mentioned previously, twenty-one varieties of
the experimentally packed corn were used for these determinations.
For the shear press value determinations, two cans
of corn of each variety were used.

The cans were opened

and emptied onto an eight-mesh screen and washed with
twice the volume of water and then allowed to drain for
approximately three minutes.

The com samples were

weighed on a triple beam balance to

one kernel.

Ten

determinations, which were averaged and used as such, were
made on each variety.

The operation of the shear press

already has been described in the last chapter.

Statis-

tical comparisons of the values appear in Table 1.
Suoculometer Value Determinations
The succulometer values, ml. per 100 grams of corn,
were obtained from two cans of corn for each of the twentyone varieties.

Kramer's method (20) was used in the

succulometer determinations.

Prom each can of corn

two determinations were made, so the total determinations made were four.

These four values were then av-

eraged and used as such in the analysis of the entire data,
Statistical comparisons of the values for each variety
appear in Table 2.
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TABLE 1
STATISTICAL COMPARISONS OP THE SHEAR PRBSS
VALUES FOR THE 21 VARIETIES
Variety*

1424
1262
1536
1610
1090
1374
1373
1491
1711
1706
1372
1608
1643
1700
1607
1716
1375
1422
1371
1713
1423

No. of
Observa*
tlons
10
10
8
10
10
10
10
8
10
10
10
10
10
10
10
10
8
10
10
10
10

Range In
Kilos

Mean in
Kilos

Standard
Deviation
in Kilos

76.0-82*0
77*0-88*0
82*0-85*5
81*5*89.0
86*5*89*0
86.0-90.5
85.0-92*0
87*0-93*0
86.5-93.5
87*0-92*0
89.0-94.0
88*0-96*0
88.0-95.0
89♦5-96?0
89.5-96*0
91.5-99*0
93*5*100*5
95.0-100*5
96.5-102.5
98*0-103*0
106.0-115*0

78*65
82.65
83*94
85*50
87.50
37*85
88*80
89*66
89.70
89.75
91*45
91.60
92*45
92.85
92.90
93*50
96.22
98.00
99.20
39*20
109.60

2*22
3*87
1*53
2*47
1*03
1*63
2.11
2*15
2.26
1.86
1.66
2.85
2.49
2.19
1.73
2.51
2.24
1*97
1.81
1.84
2.34

#For corresponding varieties see Appendix.
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TABLE 2
STATISTICAL COMPARISONS OF THE SUCCULOMBTER
VALUES FOR THE'21 VARIETIES

Variety*

1424
1262
1536
1610
1090
1374
1373
1491
1711
1706
1372
1608
1643
1700
1607
1716
1375
1422
1371
1713
1423

Mo. of
Observations
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

Range in
ml.
22.7-24.7
23.6-24.4
21.2-22.4
23.6-24.7
20.0-23.4
22.4-24.8
21.5-23.4
19.4-21.2
20.3-24.4
20.0-21.3
19.3-23.0
23.4-26.1
22.5-23.8
19.6-20.0
19.4-21.7
18.1-19.5
22.2-23.6
20.5-21.6
21.2-22.0
13.8-16.1
14.6-16.9

Mean
ml./lOO gr.
23.9
24.0
21.9
24.1
21.7
23.8
22.8
20.3
23.0
20.7
21.5
24.7
23.1
19.9
20.8
18.9
23.0
21.1
21.7
15.2
15.9

•si-Por corresponding varieties see Appendix

Standard
Deviation
ml./lOO gr
0.82
0.37
0.55
0.61
1.39
1.01
0.87
0.75
1.85
0.61
1.61
1.19
0.55
0.19
0.97
1.08
0.71
0.45
0.40
0.99
0.96
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Pericarp Determinations
Kramer's (19) procedure was employed in the pericarp determinations of the twenty-one varieties studied.
Pour determinations were run on two cans of corn.
The same samples that had been used for the succulometer
determinations were used.

After the succulometer deter-

minations were finished, the juice expressed was poured
into the Waring blendor and the juice expressed corn was
also emptied into th© Waring blendor.

The graduated

cylinder in which the juice had been collected and the
succulometer cup were then washed out with the 200 ml.
of water called for in the pericarp determination.
Kramer's method was then followed in detail.
Kramer states in his article that the weight of
the dried pericarp should be multiplied by four to obtain th© percent pericarp by weight, but this was found
to be erroneous.

The weight of the pericarp must be

multiplied by six to obtain the percent pericarp by
weight.
The four values obtained were averaged and used
as such in the analysis of the data.
Statistical comparisons of the values for each
variety appear in Table 3.
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TABLE 3
STATISTICAL COMPARISONS OF THE PERICARP
COHTEKT FOR THE 21 VARIETIES

riety*

1424
1262
1536
1610
1090
1374
1373
1491
1711
1706
1372
1608
1643
1700
1607
1716
1375
1422
1371
1713
1423

No, of
Observations

Rang© in

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

0*682-0*899
0.734-0.830
0.988-1*015
0*814-0*940
0*671-1*079
0.863-0.962
0*737-0*776
1*046-1.243
0.674-0*750
0.981-1.324
0.668-0*886
0,594-0*676
0*744-0*808
0.772-0*851
0.809-0*881
1.059-1.116
1.171-1*252
0.840-0.949
0*764-1.037
1.040-1*137
0*839-1.065

%

lean

in i

Standard
Deviation
in %

0.787
0.777
1*002
0*867
0.875
0.895
0*755
1.177
0.713
1.195
0*811
0.632
0*780
0.816
0.833
1.086
1*201
0.872
0.904
1*087
0.928

K-For corresponding varieties see Appendix

0.100
0.081
0.005
0.072
0*167
0.049
0.016
0.197
0.037
0.231
0.098
0.341
0.027
0.034
0.035
0.024
0.036
0.052
0.111
0.041
0*107
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Kernel Size Determinations
A preliminary study was made to see which method
of measuring the size of twenty kernels would give the
least error (15).

The measurements of the twenty ker-

nels tried were as folloivs:

the largest diameter in

inches, the volume in cubic centimeters, and the weight
in grams.
kernels.

Each measurement was don© on the same twenty
Fifteen observations were taken on each of

the measurements.
Th.® results were statistically analyzed by calculating the standard deviation for each of the measurements.

The results are tabulated in Table 4., Prom the

table it can be seen that the standard deviation of the
largest diameter of twenty kernels gives the lowest
standard deviation, even though the standard deviations
of all the measurements are very small.

The measure-

ment chosen, therefore, was the one of the largest diameter of twenty kernels.
The measurements taken were from the com samples
that were used for the shear press value determinations.
The kernels were measured by picking twenty kernels at
random from the two cans of corn.

These twenty kernels

were laid out on a tray and the diameter measured by a
ruler.

Five measurements were taken on each variety,

and those values were then averaged and used as such in
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TABLE 4

STATISTICAL COMPARISONS OP THREE METHODS FOR
MEASURIHG THE KERNEL SIZE OF 20 KERNELS

Method
of
leasurement

No. of
Observations

leans

Standard
Deviation

Diameter in
Inch©®

15

8.57

0.2052

2.39

¥oltimQ in
Millimeters

15

5,77

0.3693

6.40

Weight in
Q-rams

15

6.43

0.3504

5.44

Coefficient
of ?ariation
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the analysis of the data.
Statistical comparisons of the values for each of
the varieties appear In Table 5.
Or^anoleptlc Grading of the Corn
-*••

Grading bg; a Panel of Judges

Sixteen of the varieties used in this study were
subjected to a panel of judges who graded the corn for
tenderness and maturity.

The corn was graded according

to the U. S. (P. M. A.) standards for grades of canned
whole-grain corn, which are based on scores ranging from
0 to 40 for this quality factor (25).
The judges were members of the staff of the food
technology department and the horticulture department
at the college.

The judges were selected according to

their familiarity with the standard of grades to make
the results as reliable as possible.

The tf, S. standards

of grades were chosen as the basis for the grading, as
most grade standards in the industry are based on these
standards.
Ho statistical analyses were employed in working
over the data from the panel.

The scores were merely

averaged for all seven of the judges and used as such
in the correlation of the scores with the shear press
values.
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2.

Grading by a Production and Marketing Adminis-

tration Inspector
All twenty-one of th© varieties under study were
graded officially by an inspector of the P. M. A. in
Salem, Oregon.
The samples were taken to Salem at two different
times.

All the samples were graded by the same inspector

to eliminate a possible error in having the samples graded
by different persons at the two times th© samples were
taken to Salem.
The purpose of having the corn graded by the P. M. A.
was to find out how much disagreement there would be between scores by a panel and those by a P. M. A. inspector.

30

CHAPTER V
DISCUSSION OP RESULTS

Prom the data obtained throughout this study, which
are summarized in Table 6, it could b© observed that some
relationship exists between some of th© maturity indexes
determined and th© shear press values determined.

The

data were subjected to statistical analysis, and all conclusions and interpretations are, therefore, based on
the results obtained from the statistical analysis.
Sample Size for the Shear Press
The purpose of the sample size determinations was
to find out if different sample sizes would affect the
accuracy of the shear press and to find out what sample
size would be best suited for th© shear press.

The re-

sults of the findings are tabulated in Table 7.
In statistically analyzing the data from these
determinations, Bartlett's test, which tests the hypothesis that all the populations have the same variance,
was employed.
After the results had been subjected to Bartlett's
test, the conclusion was reached that the variances for
the different sample sizes were not the same.

The vari-

ances differ greatly, and strange as it may seem, they
do not follow any logical pattern.

This information is
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tabulated in Table 7.

It would have been expected that

the variances would increase or decrease or stay the
same as the sample size increased, but that was not the
case.

The 40-gram sample size has the lowest variance,

followed by the 30- and 60-gram sample sizes, and the
50-gram sample size has the largest variance.
As Bartlett's test does not test which variance
is the smallest, another test had to be employed to reach
a conclusion on the most desirable sample size.

The co-

efficient of variation i-ms therefor© employed (24, p.47).
The coefficients in percentage are tabulated in Table 7.
It can be seen from the table that the 40-graBi sample
size gives the lowest coefficient, followed by the 60gram sample sizej the 30- and 60-gram sample sizes have
the largest coefficients.
Prom the results thus obtained it can be concluded
that the 40-gram sample size, of the sample sizes tried,
would be best suited for the shear press value determinations, as that sample size has the lowest variance
and also the lowest coefficient of variation.
Comparisons of the Precision of the Different Objective
Maturity Index Methods
To compare the results for the different objective
maturity indexes used in this study, the standard deviations for each variety and each index were calculated.
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The pooled standard deviations for all the varieties and
each index were also calculated.

Prom the pooled stand-

ard deviations and the means of all 21 varieties, the
coefficient of variation in percent was calculated for
each index.

It seems rather characteristic that large

things vary more than small things do, and in many cases
the mean and the standard deviation tend to change together; therefor©, it is often convenient to express the
standard deviations as the fraction of the mean.

The

resulting statistic is called relative standard deviation or coefficient of variation*

This coefficient has

no unit, as it is a ratio of two averages having the
same unit of measurement.

It is most often expressed in

percentage.
The purpose of calculating the coefficient of variation x'jas to compare the precision of the shear press to
th© better-known indexes which were used for comparative
purposes in this work.

The results of this comparison

are tabulated in Table 8.
The standard deviations of the shear press values
ranged from 1.03 to 3.87 for all of the 21 varieties.
The pooled standard deviation and the mean were found to
be 2.13 and 91.47, respectively, and the coefficient of
variation was found to be 2.33$.
For the succulometer values, the standard deviations
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ranged froa 0.19 to 1.61.

Th© pooled standard deviation

and the mean were found to be 0.85 and 21.52, respectively,
and the coefficient of variation was found to be 3.95$.
The standard deviations for the pericarp determinations ranged from 0.024 to 0.341.

The pooled standard

deviation and the mean were found to be 0.088 and 0.94
respectively, and the coefficient of variation was found
to be 9.80$.'
For the kernel size values, the standard deviations ranged from 0.054 to 0.329.

The pooled standard

deviation and the mean were found to be 0.125 and 7.61
respectively, and the coefficient of variation was found
to be 1.64$..
From th© results thus obtained, it can be seen that
the shear press compares very favorably with the other
indexes.

Prom the standpoint of precision, regardless

of validity, the shear press is a more precis© instrument than the succulometer, which has been used successfully to determine the maturity of whole kernel corn.
It is also more precise than the pericarp determination
but less precise than the kernel size.

Ho conclusion

can be reached at this stage as to the validity of the
shear press in determining the maturity of whole kernel
corn.
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TABLE 7
STATISTICAL COMPARISONS OF THE DIFFERENT
SAMPLE SIZES USED FOR THE SHEAR PRESS

Sample
Siz© in
Grams

No; of
Observations

Mean in
Kilos

Variance

Standard
CoeffiDeviation cient of
i» Kilos Variation

30

61

70,89

20*069

4*4799

6.3193

40

61

87i52

14.975

3.8698

4.4215

50

61

88.43

31.358

5.5998

6.3324

60

61

99.48

20.076

4.4806

4.5040
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TABLE 8
STATISTICAL COMPARISONS OP THE DIPPERENT
MATURITY INDEX METHODS EMPLOYED

Maturity
Index

Ho. of
Samples

Mean

Pooled
Standard
Deviation

Coefficient of
Variation

Range of
Standard
Deviations

Shear
Press

21

91.47

2.13

2.33

1.03 - 3.87

Succulometer

21

21.52

0.85

3.95

0.19 - 1.61

Pericarp
Content

21

0.904

0.088

9.80

0.024-0.341

Kernel
Size

21

7,61

0.125

1.64

0,054-0.529
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Relationship between the Panel Scores and the Shear
Press Values
The results obtained were subjected to statistical
analysis to find any relationship between the panel
scores and the shear press values.

In this case linear

regression was employed.
A scatter diagram was drawn to find the distribution of the 16 varieties of corn studied.

It could be

seen from the diagram in Figure 2 that there might be a
linear relationship betxueen th© two values.
The values for the regression coefficient, b, and
for a, which is the ordinate of the point where the line
crosses the Y axes, were first calculated.

The value

for b was found to be -0.243, and for a was found to be
56.72.

The estimated line of regression, therefore, is
Yx = bx + a
= -0.243x + 56.72

where Y^ is the sample estimate of the population means
of the arrays of y.

The regression coefficient, b, is

an unbiased estimate of the population regression coefficient B.

It represents the slope of the line of re-

gression and, consequently, measures the rate of change
of the mean of an array of y with respect to x.

The

regression line is kind of a moving average that passes
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asaoag the points that d©t©rains it.

Deviations f^oa th©

caleulated ragrosaion line a^© ^isuallsei easily by tho
v©r»tifeal did'tanc® from th© line to the plotted points.
The stimdard QFTQT of e@tija.ato, Sy<x# is a good i!ad<s^
of th©©© d@viatioisQ*

f.h© staadafd error of estiiaat© is

©qual to aero If $.11 th© points ar© ©a the line*

Th©

^ralu© of th© ©tgisada^i ©^roa? of ©sti^at© tfas found to fe©
g.S8» xihlGh indioatoi that th© points a^© not ©lose t©
th® ©stisa&ted lim© of ^Qgr^g^ion.
fh© corraiation ©oeffi©i@at between th© t^ro index©©
wa© found to b@ -0.81§2 with 14 d.f.

fh© tabulated valu©

with 14 d.f. la 0.497 at the 5$ levol (85, p*M9),

This

shooa that th© ©©©ffieiant la highly s-ignificant and not
m©f&lj dm© to ©hano©.

With this Mgh a ©orrolatioa eo-

©ffiei©ntiff th© ahasj? press eould b© used to pr©diet the
maturity of canned com*

HouT©u'©r, du© to the high

standard ©rror of ©stiaat©, it is v®tf doubtful if it
could b© us©d.

Mdition&l sa»pl@6 of whol© k@ra©l canned

©OFn should b® analysed to g©© if this error tent tsrould
not b© reduced.
KelationshlT) bQtw©©n %tm F. B* A. acor©© and th© Bh©ar
fresa Valuoa.
fh© results frow th©s© too maturity ind©x©s i,7©r©
statistically analysed in th© aaa® manner ao d©scrib©d
ahov©,, 1.©., by th© linear r©.gr©g>si©n.
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Figure S shows the graphical relationship between
the P. M. A. grading and the shear press values.

The

graph shows the actual values and the regression line
for the two indexes.
The calculated correlation coefficient (r) ivaa
found to b© -0.6748 with 19 d.f.

The tabulated value

with 19 d.f. is 0.433 at the 5% level.
error of estimate was found to be 3.57.

The standard
The correlation

coefficient is highly significant, but because of the
high error term this relationship would not be useful
for prediction purposes.

In order to replace a sub~

jective method with an objective method, the correlation coefficient should be at least 0.70, and the standard error of estimate should be in the neighborhood of 1
or lower.
The results thus obtained throw a light on the
comparative validity of the grading of the corn by a
panel of judges and the grading by a P. M. A. inspector.
Correlation coefficient was calculated between the two
gradings.

The coefficient was found to be 0.8741, which

is highly significant at the 5$ level.

The standard

error of estimate was also calculated and found to be
1.09.

This indicates that one of the two methods of

grading is off.

As both gradings are based on the same

grade standards, the correlation coefficient should be
much higher, and the standard error of estimate should
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b^twean th@ F» M* A, grading and th© stoar pro®®*

Siaco

tfcto ©Fgam>.l©ptie graeliag of foods is highly aubj©ctlv©?.
mii. BlncQ th© huiaan factor ©nteifs iato th© gradlagg It
t^ould s©Qa that by having soiroFal persoiii gx»ad© a products
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choosijmg th© judges aec^fdlag to tholi5 ability to grad©
and their fatailiarity with th© stsridsirds*

This -would

£)©©s» to b© smofo mor© roliablo thaa having only one person gi»ad© th© product ©vaja thoiigh h® is fa®ili®p tjith
tho gtandardg.
Belatlqaehip bQtuee.o. th© Stjccu^omotog ValuQa and th©
ghQasg g.yoaa ValmQB:
Tho seatt®? diagram in FigBf© 4 shows graphically
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Linear regression v$&& ©mployed la.

ajaalyaiag statistically tho result© obtained froa th©
two measursmeiata •

fh© roaultg of the calculations ar©
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succulometer and the shear press.
The correlation coefficient of -0.6921 is highly
significant at the 5$ level.
0.433 with 19 d.f.

The tabulated value is

The standard error of estimate was

found to be 3.14, which is very high.

The relationship

found to exist between the succulometer and the shear
press is not good enough to be used for prediction purposes of the succulence of the corn because the standard
error of estimate is so high.

If the error term had

been lower, the shear press could have been used to predict the succulence of a sample of corn.
Relationship between Pericarp Content and Shear Press
Values
Much has been reported on the significance of the
pericarp content in relation to the maturity of corn.
Most of the reports originate in the eastern states,
v«rhere pericarp content seems to be an important factor
to consider in evaluating corn for maturity.

The same

problem does not seem to apply to this corn grown under
irrigation in this state.
The pericarp values and the shear press values were
plotted on graph paper to see if any relationship existed
between the two values.

It could be seen immediately

that practically no relationship existed, so linear
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regression \ms not calculated for the two values.

Cal-

culated correlation coefficient was found to be 0.0554.
This correlation coefficient is not significantly dif*
ferent from zero, which indicates that no linear correlationship exists between the two values.

This again in-

dicates that pericarp content is of little or no significance in arriving at a degree of maturity of this
corn grown under irrigation near Gorvallis.
It seems that the shear press should have brought
out any indication of the importance of the pericarp
content if it were a factor in maturity of corn, as the
shear press is supposed to measure the tenderness of the
product being tested.
Relationship between Kernel Size and Shear Press Values
The data obtained were statistically analyzed by
calculating the correlation coefficient between the
kernel size and the shear press values.
tabulated in Table 9.

The results are

Mo relationship seems to exist

between the two factors.

Correlation coefficient of

0.0151, not significantly different from zero, was obtained.

This proves that no linear correlationship

exists between the kernel size and the shear press values.
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TABLE 9
STATISTICAL RELATIQISHIPS BETSTEEH THE
SHEAR PRESS AW THE VARIOUS
Com MTURITSf IHDBXBS

Maturity
Index

Correlation
Coefficient
(r)

Standard
Error
of
Estimat©
in Kilos

Shear
Press

Ho, of
Samples

Range

21

78,65 - 109.60

Panel
Grading

-0.8152

2.83

16

28 - 37

P. M. A..
Grading

-0.6748

3.56

21

30 - 39

Succulomet©r

-0.6921

3.14

21

Kernel
Size

0.0151

0.28

21

6,48 -

8.49

Pericarp

0.0534

0,16

21 .

0,632-

1.201

15,2

-

24.7
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Relationship between the Panel Scores, th© Shear Press
Values, and the Kernel Size
The purpose of this calculation was to find out if
the kernel size would have any effect on the relationship
between the panel scores and the shear press which had
already been found out by the linear regression and the
correlation coefficient calculations.
The data were statistically analyzed by th© multiple
linear regression (21, p.126).
The multiple regression equation that vms calculated from the data is
Yx = b1X1 + b2X2 -t- a
= -0.1917k - 0.2425p + 58.06
where k is th© largest diameter of twenty kernels in
inches, p is the shear press value in kilos, and Yx is
the P. M. A. score for tenderness and maturity.

The

correlation coefficient (R) was calculated and found to
be 0.8164, which is slightly higher than the correlation coefficient calculated between the panel scores and
th© shear press values.

The standard error of estimate

was calculated to be 1,34, which is a considerably lower
error term than the one obtained between the panel scores
and the shear press values.
Both the correlation coefficient and the standard
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error of estimate are high enough and low enough respectively to replace the subjective method of P. M. A.
with the shear press and the kernel size to predict the
P. M. A. scores for tenderness and maturity.

However,

for this to be valuable, the correlation coefficient has
to be high and the standard error of estimate has to be
lov?, which is true in this case.
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CHAPTER VI
SUMMARY AKD COHCLTJSIOI
The importance of tenderness and maturity in evaluating corn for quality is well realized in the industry
and by the Production and Marketing Administration.

The

United States standards for grades assign the factor of
tenderness and maturity 40 out of a possible 100 points.
Most of the grading of corn is based on subjective tests,
but research groups have, in the last tevj years, developed several objective tests to evaluate corn for tenderness and maturity.
The Maryland shear press is a multipurpose instrument which can be used for a variety of products, both
raw and cooked.

It is easy to operate, and values can

be obtained in a short time.

This study was undertaken

to find if the shear press could be used to predict the
degree of tenderness and maturity of whole kernel corn.
The corn samples used for the determination of sample
size for the shear press were commercially packed corn.
Twenty-one varieties of experimentally packed corn v/ere
used for the determinations of th© various maturity
indexes in this investigation.

The shear press values

iirere compared with known maturity indexes, which are as
follows %

the succulometer, pericarp content, kernel
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size, and organoleptic grading by a panel of seven
judges and by an inspector from the P. M. A.

The results

obtained from this study showed some relationship between the shear press values and some of the maturity
Indexes.
analysis.

These results were subjected to statistical
Linear regression and correlation coefficient

were used.
1.

After testing 30-, 40-, 50-, and 60-gram sample

sizes in the shear press, the 40-gram sample size was
found to b© best.

This conclusion was reached after the

results were subjected to statistical analysis using
Bartlett's test and the coefficient of variation.
2.

In measuring the kernel size of the corn, the

most precise of the methods used was found to be the
largest diameter In inches of twenty kernels.

This was

concluded after the standard deviation had been calculated to be lower for this measurement than for the
others, i,.£., the volume. In ml., of twenty kernels,
and the weight, in grams, of twenty kernels.
3.

Prom the standpoint of precision, the shear

press is a. more precise instrument than the succulometer.
The shear press is more precise than the pericarp determination, but less precise than the kernel size determination.

This conclusion was reached after the co-

efficient of variation was calculated for these maturity
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indexes.

It was found to be 2.33$ for the shear press,

3.95^ for the succulometer, 9.80$ for the pericarp
determination, and 1.64$ for the kernel size.
4.

For the relationship between the shear press

values and the panel scores of 16 varieties of com, a
correlation coefficient of -0.8152 was obtained.
value is highly significant.

This

It shows that there is a

good relationship between the two factors.

The shear

press could be substituted for the organoleptlc grading
of corn as far as the correlationship is concerned.
However, the standard error of estimate, which was found
to b© 2.88, is too high for prediction purposes.

The

results might be improved by taking a greater number
of samples and improving the reliability of the organoleptlc grading.
5.

Organoleptlc grading of the corn samples by

the P. M. A. Inspector was not found to be as reliable
as the grading by the panel.

There is a definite re-

lationship between the P. M. A. grading and the shear
press, but the correlation coefficient of -0.6748 is
not so high as the one obtained between the panel scores
and the shear press values.

The standard error of

estimate was found to be 3.56, which is much higher than
the one obtained between the panel scores and the shear
press values.

The relationship might be improved if a

greater number of samples were used.
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6.

Th© relationship between the succulometer

values and the shear press values was found to be fair.
A correlation coefficient of -0.6921 was obtained, and
the standard error of estimate was found to be 3.14,
The error involved is very high.

Therefore, the rang©

in predicting the succulence of the corn will be very
large.

The error term might be reduced by taking a

greater number of samples.
7.

Mo relationship was found to exist between

the shear press values and the kernel size.

This was

indicated by the low correlation coefficient obtained,
0.0151.
8.

When the shear press values and the pericarp

content were correlated, no relationship was found to
exist.

Correlation coefficient of 0.0534 was obtained.

This indicates clearly that the two indexes are not related.
9.

In the multiple correlation of the panel scores

vs., the kernel size and the shear press values, a correlation coefficient of 0.8164 was obtained.
error of estimate was found to be 1.34.

The standard

This correlation

coefficient is about the same as the one obtained between the shear press values and the panel scores alone.
The error of estimation, however, is much smaller.

The

multiple linear regression equation was calculated and
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found to be
Yx - -0.1917k -0.2425p +58.06
where k is the kernel siz®, p is the shear press value,
and Yx is the P. M. A. score for tenderness and maturity.
This equation can be used for predicting the P. M. A.
scores for maturity.
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APPENDIX
TABLE 10
VARIETY NUMBERS AND CORRSSPOMDIMG VARIETY NAlfflS
Variety
lumbers
•

1424
1262
1536
1610
1090
1374
1373
1491
1711
1706
1372
1608
1643
1700
1607
1716
1375
1422
1371
1713
1423

Variety
Ham©s
Golden Cross Bantam*
Tondorgald A
KVP - 50 - 35
Golden Cross Bantam*
Seneca Chiof
Commandor
Golden Cross Bantam*
Iochi@f
Golden Cross Bantam*
Golden Harvest
Hoosier Gold
Golden Cross Bantam*
Golden Crown
Wisconsin 103 x 6932
Sen©ca Arrow
FM Cross
Hybrid 18484
Golden Cross Bantam*
logold 51
Hybrid 52A
Camel Cross

*The seeds for the various Golden Cross Bantam corn
samples were obtained from different seed companies,

