%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

Journal of Agricultural and Applied Economics, 35,1(April 2003):15-28
© 2003 Southern Agricultural Economics Association

Designing U.S. Corn Grades to Reflect End

Use Value

Jeffrey J. Reimer and Lowell D. Hill

The 1986 U.S. Grain Quality Improvement Act introduced an explicit, economic purpose
for grades—that they transmit information about end use value—but provided little guid-
ance about what factors to include in grades. We determine which quality characteristics
best reflect the processed value of U.S. corn in the case of a Japanese wet miller. Foreign
material is the only grade factor closely related to processed value, but a large number of
nongrade attributes, many of which reflect the intrinsic properties of corn, are found to
vary substantially across shipments and to provide extensive information about value.

Recommendations for U.S. grades are made.
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An important purpose for grades in commod-
ity markets is to provide buyers with infor-
mation they can use to estimate value, without
the necessity of physically examining each lot
(Shepherd). Meeting this objective requires
that grades transmit information about the
quantity and quality of end products derived
from a commodity. Prior to the 1986 amend-
ment to the U.S. Grain Standards Act, the eco-
nomic concept of “‘end use’’ value was not a
criterion for the structure of grades (U.S. Con-
gress). The purpose of grades in the preamble
of the 1916 Grain Standards Act was ‘‘that
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trading in grain may be facilitated.” Although
industry, producers, and government were
supportive of uniform grades and the termi-
nology of the 1916 legislation, it provided lit-
tle guidance for selecting the factors to include
in grades or the limits associated with each
factor. Any easily measured attribute accepted
by the trade could meet this criterion.

The factors selected for U.S. grades in the
early 1900s were based on trade practices, not
research, and have remained virtually un-
changed despite major changes in production,
marketing, processing, and measurement tech-
nology. The U.S. Department of Agriculture
(USDA) has, however, made numerous minor
changes in definitions and factor limits in re-
sponse to pressure from farmers and importers
(USDA, Federal Grain Inspection Service
[FGIS]). Some limits were changed several
times only to be returned to their original level
a few years later. A review of the more than
300 changes between 1916 and 1986 gives the
impression of a certain degree of arbitrariness
and a response indicative of “greasing the
squeaky wheel’” rather than providing more or
better economic information. Some grade-de-
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termining attributes have little relationship to
the yield of products, and several attributes
important to end users are not part of grades
(Hill). The end use criterion in the 1986
amendment to the Grain Standards Act pro-
vided general guidelines but failed to resolve
the primary issue of which measurable factors
best reflect the quantity and quality of prod-
ucts derived from grain.

The study at hand addresses this issue in
the case of corn. The goal is to help reshape
the debate over U.S. grades in general and
U.S. corn grades in particular such that quality
attributes will increasingly be evaluated in
terms of their ability to transmit useful infor-
mation about end use value. Toward this ob-
jective, we use detailed data from a Japanese
firm to (i) determine the relationships between
quality attributes and the output of processed
products, (ii) estimate the implicit values of
these same attributes, and (iii) identify factors
that could be incorporated into current grades
to increase efficiency in transmitting infor-
mation about value. A key requirement for
these tasks are indicators of corn quality be-
yond those tested by the FGIS and included
on the official certificate of every exported
shipment.

The firm from which data were collected
accounts for one-sixth of all imports by Jap-
anese wet millers, and we view it as represen-
tative of that sector. Although this sector is not
representative of corn importers in general, in
that their definition of *‘high quality” corn
might differ from that of other types of im-
porters, the Japanese wet-milling market has
several features that make it appropriate for
this analysis. First, Japanese wet millers ac-
count for approximately one-third of that
country’s corn imports, and Japan itself is the
single largest purchaser of U.S. corn, typically
importing about one-third of U.S. exports.
Furthermore, the wet-milling sector’s share of
Japan’s corn use has been increasing over time
(Caplan). Wet millers produce starch, gluten
feed, gluten meal, and germ, which are used
as intermediate inputs in a vast and ever-ex-
panding array of food, pharmaceutical, and in-
dustrial products. Starch, for example, can the-
oretically be converted into an enormous

assortment of chemicals now produced from
petroleum sources (Jackson). Because new
uses for wet-milling products are the subject
of intense research and are continually being
developed, the demand for wet-milling prod-
ucts has grown more rapidly than for most
other corn derivatives over the past two de-
cades and is set to continue this trend (Earley;
Ohio Corn Marketing Program). As such, wet
millers are a prominent and expanding market
for U.S. corn. Another feature of this sector is
that the firms are quite conscious of quality,
ranking corn quality (including intrinsic prop-
erties and cleanliness) as well as end product
quality as important criteria in sourcing deci-
sions (Caplan). This is reflective of a general
trend toward greater sensitivity to quality that
is being demonstrated by all types of corn us-
ers (USDA, Foreign Agricultural Service
[FAS]).

The remainder of the paper is organized as
follows. In the following two sections we brief-
ly describe previous research on corn quality
and lay out the conceptual and empirical
framework for our analysis. In the subsequent
two sections, we describe the sources of our
data and present empirical procedures and re-
sults. The final section summarizes and con-
cludes.

Previous Studies

Few studies have considered the relationships
between quality, grades, and price for corn,
despite being an important export commodity
for the United States, with sales abroad pro-
jected to rise from 2.1 billion bushels in 2001
to 2.8 billion bushels in 2011 (Food and Ag-
ricultural Policy Research Institute). A study
by Mercier, Lyford, and Oliveira examined the
role of FGIS-tested quality characteristics in
the price determination process for U.S. corn
exports. The authors found that moisture con-
tent is the only FGIS-tested factor that signif-
icantly affects the price paid across all im-
porters, although test weight and damaged
kernels are significant in the context of certain
types of end users.

Another study by Mercier examined USDA
surveys of corn-importing countries concern-
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ing how importers rank quality among factors
that influence supplier choice, and considered
the benefits to U.S. producers and exporters in
providing cleaner, higher quality corn to the
world market. Industrial users in Asia identi-
fied starch, broken corn, foreign material,
moisture, stress-cracked kernels, and kernel
size as the most important attributes (Mercier,
p- 13). Regression analysis with factors tested
by the FGIS at origin suggested that numerical
grade was not a useful predictor of price and
that test weight was not statistically significant
in the decision-making process of importers.

These results are comparable to those of
Hill et al. (1990), in which survey respondents
identified levels of starch, protein, oil, and for-
eign material as the most important attributes
for wet millers, followed by mold damage and
broken kernels. Test weight, a measure of den-
sity, was the least important of factors. A one-
vessel case study by Hill et al. (1993) dem-
onstrated that percent levels of starch, oil,
stress cracks, and germination as measured at
destination were important determinants of the
yield of wet miller products.

The study at hand builds on those men-
tioned by providing statistical evidence as to
which characteristics transmit important infor-
mation about end use value. This is a neces-
sary step in determining what factors might be
usefully incorporated into U.S. grades, as well
as which ones provide information of little im-
portance, in a manner consistent with the eco-
nomic purpose of grades outlined in the 1986
Grain Quality Improvement Act.

Theoretical and Empirical Models

Our approach to the objectives laid out above
is based on the neoclassical input characteris-
tics model of Ladd and Martin. We hypothe-
size that the processor purchases the raw in-
put, corn, for quality characteristics (including
intrinsic properties and cleanliness) and that it
is these characteristics, not the corn itself, that
give rise to value in the wet-milling process.
Wet milling yields four products sold as inter-
mediate products: starch, gluten meal, gluten
feed, and germ, with starch being the most
plentiful and valuable of these. Accordingly,
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we model the processor as a multiproduct
firm, and assume further that the production
function for each product is independent of the
production functions of all other products.

Attributes That Determine Processed Product
Output

We hypothesize that the output for each prod-
uct i, which we denote g, is a function of qual-
ity attributes automatically tested at the U.S.
port of origin, most of which are grade-deter-
mining (a,, . .., a,), and a range of other qual-
ity attributes a,,,,, ..., a, that are not cur-
rently part of USDA grades. This can be
formally stated as

g Sagldyeony Gy Oppyaang O

Because we have 253 observations on the
firm’s predicted yields of processed products,
as well as the results of its quality tests for
individual shipments (described later in the
data section), we are able to estimate this pro-
duction function for each product i. This al-
lows us to determine the extent to which the
firm uses information about grade-determining
versus nongrade attributes in predicting the
yield of processed products. Our regression
specification is

(1) g =B+ 2 Bya; t+ €

where 3, is an intercept coefficient, and B are
coefficients associated with product / and
quality attribute j. We assume that the error
terms are distributed normally, identically, and
independently. Should a quality coefficient be
significantly different from zero, this would
suggest that the given attribute is used by the
processor to predict the yield for that product.
We hypothesize that the processor uses more
than just the FGIS-tested factors to determine
the yield of processed products, that is, the
processor pays close attention to attributes
7 s I T



18 Journal of Agricultural and Applied Economics, April 2003

Attributes That Provide Information About
End Use Value

In estimating Equation (1) for the different
products, it will often be the case that a char-
acteristic such as protein, for example, con-
tributes to the yield of one product but lowers
the yield of another. Because it should ulti-
mately be the total value of processed products
as opposed to individual yields that is impor-
tant to a firm, the implicit demand for protein
in this case will depend on the relative market
prices of the two products. As such, protein
could theoretically have a positive implicit
value, despite it decreasing the output of some
products. With this in mind, we need to work
in terms of the values of the processed prod-
ucts.

Multiplying the hypothesized production
function g, for each product by its price p; and
summing over products gives the total pro-
cessed value of wet milling.

Z pPiqi = 2{: pigia, ...

* an)-

Letting ¢ denote corn comprising n attributes,
differentiating the above expression gives the
marginal processed value. This derivative is
d X, pgqlic = 3, p; %; (9q,/da;)(da;/dc). A more
informative way to write this derivative is

PV = Y (da,ldc) 2, pdg.loa;),
) i

where PV is the processed value and 2, p(dg,/
da;) is the marginal revenue product for char-
acteristic j. This is also sometimes called the
implicit value of an attribute.

Because we have 253 observations on the
firm’s predicted product yields and the prices
at which its sells the four products (described
later), we can calculate the processed value in
yen (¥) per kilogram of individual shipments.
This allows us to provide an estimate of the
marginal revenue product for individual char-
acteristics. To do so, we specify the following
regression model based on our expression for
PV above.

(2) PV=n,+ 2 ya; + €

where v, is the coefficient associated with the
level of attribute j in a unit of corn (aajfac),
which is defined for simplicity as a;. This co-
efficient provides an estimate of the marginal
revenue product of an attribute, X, p(dg,/da,),
and will enable us to establish which charac-
teristics—be they tested or not tested by the
FGIS—yprovide useful information to the pro-
cessor.!

In general, the size of coefficients and their
statistical significance will determine whether
a characteristic provides important informa-
tion. Two cases in which statistical signifi-
cance plays a particularly important role war-
rant consideration. One scenario is that the
marginal revenue product for an attribute is
high (i.e., the attribute creates substantial val-
ue in the wet-milling process), but the pres-
ence of this attribute varies little across ship-
ments. Information about the presence of this
characteristic on a shipment-to-shipment basis
would therefore be of limited value to the firm,
despite the characteristic itself being quite im-
portant. In a regression context, this scenario
would give rise to a vy, coefficient that is sub-
stantially different from zero, but not so sta-
tistically, since the standard error of an esti-
mator is inversely related to regressor
variance.

In another important scenario, several mea-
sured characteristics are highly correlated with
each other, in which case the processor might
only need information on one of them. Inclu-
sion of the others in a regression model would
result in statistically insignificant individual
coefficients, although a joint hypothesis that
the coefficients are simultaneously equal to
zero would be rejected. Use of pairwise cor-
relation analysis for selection of variables to
include on the right side of Equations (1) and
(2) will help in avoiding this type of problem.

Data

A firm having a one-sixth share of the Japa-
nese wet-milling market and wanting to re-

! Although the intercept coefficient v, is not part of
the theoretical model, its inclusion here is based on
standard economeltric practice.
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Table 1. Comparison of Quality Information Collected at Origin and Destination

Characteristics Routinely Tested
by FGIS at U.S. Port of Origin

Characteristics Routinely Tested
By Processor at Destination

Broken corn and foreign material® (%)

Moisture (%)

Total damaged kernels* (%)

Test weight* (lbs./bu.)

Insects (no. of sublots infected and no. per sublot)
Heat-damaged kernels* (%)

Broken kernels (%)
Foreign material (%)
Moisture (%)

Spoiled (%)

Test weight (Ibs./bu.)
Insects (%)

Stress cracks (%)
Starch (%)

Protein (%)

Oil (%)

Ash (%)

Coarse fiber (%)
Germination (%)
4.76-mm-pass (%)
Kernel weight (g/1,000 kernels)
Other grain (%)

Dust (%)

Whole kernels (%)
Pentosan (%)

Viscosity torque (kg/m)

Note: Characteristics with an asterisk are U.S. grade determining.

main anonymous provided records on 253 in-
dividual corn cargoes received at its plant
between July 1990 and August 1996. The co-
operating firm provided shipment-specific in-
formation on its own yield predictions for four
processed products (starch, gluten feed, gluten
meal, and germ), as well as the results of 20
different quality tests it conducted and used as
a basis for making those predictions.? In ad-
dition, the firm provided information on the
monthly price at which it sold its four products
to other firms within Japan. These data are
used to estimate Models 1 and 2 [Equations
(1) and (2)] of the previous section.

?The process of making the predictions was not
shared with us, hence the need for Equation (1). Al-
though it might seem preferable to work with actual
yields, the firm does not calculate this for individual
shipments. Instead, it predicts product yields for indi-
vidual shipments that arrive and then combines several
shipments in a way to reduce variation in the quality
and quantity of output. Actual yields are calculated for
this blend only. Because we are trying to model the
firm’s behavior (in particular, derive a willingness to
pay for certain characteristics), and the firm itself
knows only the predicted yield of a given shipment, it
follows that we in turn should use the predictions.

Measurements on Quality, Yield, and Value

Table 1 compares the degree and type of qual-
ity information collected on a given shipment
of corn at different points in the marketing
channel. The left column shows that the FGIS
carries out a limited number of quality tests at
the origin port, some of which are used to de-
termine grade. These include the composite
category broken corn and foreign material
(BCFM), test weight (TW), total damaged ker-
nels (DKT), and heat-damaged kernels (HD).
The right column of Table 1 lists 20 quality
tests carried out by the processor for each of
253 shipments imported over the sample pe-
riod. This information is based on samples
taken from the vessel on arrival, prior to un-
loading, and is used by the firm to predict
yields of the four products derived from the
wet-milling process. At this point, the firm
would likely have no legal recourse if the
quality of corn is unexpectedly low in some
dimension, since most contracts identify the
FGIS origin grade as final in any dispute.
However, these measurements are useful for
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Table 2. Descriptive Statistics

Variable Mean Median SD Minimum  Maximum
End use value (¥/kg) 40.80 40.86 1.20 36.83 44.51
Starch yield (%) 69.06 69.11 235 61.55 75.02
Gluten meal yield (%) 4.83 4.84 0.66 2.77 7.40
Gluten feed yield (%) 15.02 14.99 2.03 10.08 21.53
Corn germ yield (%) 6.86 6.78 0.57 5.30 9.66
Broken kernels (%) 11.53 11.40 2.46 0.60 22.50
Foreign material (%) 0.13 0.10 0.25 0.00 3.70
Moisture (%) 14.44 14.60 0.91 11.10 16.50
Spoiled (%) 1.97 1.70 1.24 0.20 7.50
Test weight (Ibs./bu.) 55.05 55.20 1.91 38.20 59.50
Insects (%) 0.44 0.00 0.80 0.00 3.60
Stress cracks (%) 39.70 41.00 16.13 3.30 75.00
Starch (%) 73.72 73.68 2.09 65.94 80.11
Protein (%) 8.38 8.43 0.60 1:27 10.62
il (%) 4.38 4.33 0.31 3.67 6.34
Ash (%) 1.13 1.15 0.19 0.68 1.53
Fiber (%) 1.74 1.78 0.19 0.97 2.13
Germination (%) 53.05 53.00 22.63 3.00 98.00
4.76-mm-pass (%) 3.98 3.80 1.73 0.40 10.60
Kernel weight (g/1,000 kernels) 314.01 311.30 26.90 245.00 375.30
Other grain (%) 0.15 0.10 0.18 0.00 1.40

Note: End use value is calculated using the average price of each product over the sample period.

blending the shipments to minimize quality
variation in the wet-milling process.

For the 253 observations, Table 2 presents
the mean, median, standard deviation, and ex-
treme values associated with end use value,
product yields, and quality. Pairwise correla-
tions are presented in Table 3. In Table 2,
many of the quality attributes vary substan-
tially across the shipments. Foreign material,
for example, has a mean of 0.13%, but a stan-
dard deviation of 0.25 and takes on values as
high as 3.70%. Other variables have broader
ranges. Starch content takes on values from
65.94% to 80.11%, whereas stress cracks
range from 3.30% to 75.00%. The greatest
variation is exhibited by germination, with a
low of 3.00% and a high of 98.00%.

These differences in quality across ship-
ments matter a great deal for the processor, as
end use value ranges from ¥36.83 to ¥44.51/
kg for the 253 shipments (Table 1).? In terms

*End use value is the sum of processed values of
the four products, in which price (¥/kg) is multiplied
by yield (%, corresponding to kg product/kg corn). Av-

of a 50,000-metric-ton vessel, total end use
value ranges from U.S.$16.01 to U.S.$19.35
million, based solely on differences in quali-
ty.* The high variation in quality across ship-
ments and consequent large variation in end
use value suggests that transmission of infor-
mation concerning quality has a critical role
to play in the export market for U.S. corn.

Interpretation of Quality Variables

In this section we provide a brief description
of each of the 20 factors measured by the pro-
cessor and indicate the expected effect on end
use value. This information is derived from

erage prices over the sample period are used to avoid
any biases related to time. These were 52.52, 41.40,
5.42, and 25.06, respectively, for output of starch, glu-
ten meal, gluten feed, and germ (¥/kg, f.0.b. the pro-
cessor’s plant). In this analysis, quality differences are
the sole reason that shipments have different processed
values.

4 This is calculated using the average 1990-1996
exchange rate of ¥115.04/U.S.$ and because 1 metric
ton is 1,000 kg.
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Table 3. Pairwise Correlations
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End Use Starch  Meal Feed  Germ Broken Foreign Mois-

Value  Yield Yield Yield Yield Kernels Material ture  Spoiled
Starch yield 0.97 1
Meal yield 0.17  -0.04 I
Feed yield -0.68 -0.74 -0.01 I
Germ yield 0.22 0.12 -0.08 -0.07 1
Broken kernels =025 =0.25 0.11 0.00 -0.15 1
Foreign material -0.10 -0.06 -0.08 -0.14 -0.08 0.09 1
Moisture 0.04 0.12 -032 -0.13 0.04 -0.07 -0.12 1
Spoiled 0.13 0.17 -0.07 -024 -0.07 0.05 0.10 0.03 1
Test weight -0.05 -0.08 -0.04 0.17 0.22 -002 -0.13 -0.05 -0.22
Insects 0.03 -0.04 0.21 0.10 0.17 0.07 -0.06 -0.21 0.22
Stress cracks -0.17 -0.09 -0.19 -0.06 -0.31 0.03 0.10 0.16 -0.04
Starch 0.61 075 -029 -0.84 -0.18 -0.07 0.12 0.27 0.28
Protein 0.02 -0.14 0.56 0.19 0.19 023 -0.07 -037 -0.05
Oil 0.13 0.06 -0.14 -0.09 092 -0.11 -0.02 0.07 -0.13
Ash -0.01 -0.06 -0.05 0.19 0.40 0.15 -0.04 -0.26 0.00
Fiber 0.07 0.19 -041 -0.11 -=0.15 -0.12 -0.03 0.43 0.00
Germination 0.04 -0.03 0.15 0.13 0.21 0.17 -0.04 0.03 -0.22
4.76-mm-pass -0.58 -046 -020 -0.12 -0.39 0.36 0.25 0.07 0.08
Kernel weight -0.08 —-0.06 -0.19 0.17 0.11 -0.24 -0.05 0.23 —-0.28
Other grain 0.13 0.14 -0.03 -0.09 0.00 -0.01 0.08 -0.10 0.05

pends on what comprises the other grains.
Soybeans (the most common) can be valuable
for its higher overall oil content, but wheat can
be beneficial for its higher yield of starch.
The last four characteristics listed in the
right column of Table 1 are not used in our
analysis, because they either have a very high
correlation with another, similarly defined var-
iable, or because they are not normally used
for predicting wet-milling yields. Dust and
whole kernels are not included in further anal-
ysis because they have correlations of 0.98
and —0.79 with 4.76-mm-pass and broken ker-
nels, respectively. Pentosan (a type of carbo-
hydrate) and viscosity torque (a measure of
starch quality) do not normally affect pro-
cessed product recovery and end use value,
and are also excluded from further analysis.

Empirical Procedures and Results

In this section, we describe the procedures and
results of estimating the models of Equations
(1) and (2) developed earlier. Recall that Equa-
tion (1) is essentially a production function,
relating the firm’s predicted output of each

product to the quality attributes embodied by
a shipment of corn. Equation (2) provides a
means of estimating the marginal revenue
products, or implicit values, associated with
the attributes, using the total processed value
of that shipment.

The Production Function

A version of Equation (1) was estimated for
each of the four products arising from the wet-
milling process: starch, gluten meal, gluten
feed, and germ. Using ordinary least squares,
the adjusted R* was quite strong for all four
regressions, at .860, .733, .847, and .925, re-
spectively (Table 4). The small amount of var-
iation left unexplained by each regression ap-
peared to have no systematic pattern in plots
of residuals, and Durbin-Watson tests rejected
a hypothesis of autocorrelation.

We first examine the regression concerning
starch yield (Table 4). Starting with the upper
left-hand entry of the table, we see that a one
percentage point increase in broken kernels is
predicted to lower starch yield by 0.018 per-
centage points. Because the associated stan-
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Eckhoff (personal communication); Hill et al.
(1990, 1993); and Weller, Paulsen, and Stein-
berg. The first characteristic in Table 1 is bro-
ken kernels. These reduce the yield of starch
because they leak starch into the steep water
and can clog the screens in the steep tanks
(necessitating cleaning and reducing milling
capacity). The second factor, foreign material,
defined as all material other than corn, usually
must be cleaned out and disposed of or sold
at a reduced price before steeping (the first
part of the wet-milling process). Foreign ma-
terial reduces the quantity of starch per ton of
purchased grain, and in the case of weed seeds
can be deleterious to livestock when used for
animal feed (the products gluten feed and meal
are used for this purpose).” The effect of mois-
ture on product yields works both ways, and
its sign is indeterminate a priori. Higher mois-
ture decreases the yield of products per ton of
corn purchased, but lower moisture can in-
crease broken kernels and dust as a result of
greater breakage during handling. Spoiled ker-
nels are generally related to mold damage and
unambiguously reduce the quantity and qual-
ity of end products. Test weight is a measure
of bulk density but in actuality is influenced
by many factors other than the true density of
corn. Test weight does not affect the intrinsic
properties of kernels, unless caused by other
measurable attributes such as high drying tem-
peratures, mold damage, and high moisture.
As a result, nearly all surveys have shown that
foreign buyers rank test weight at the bottom
of the list of important attributes affecting end
use value (Hill et al. 1990). It is expected to
insignificantly affect the yield of processed
products but, if significant, should be positive.
Insects, whether living or dead, reduce the
yield of processed products. Fumigation of
cargo at origin eliminates most live insects,
but others can emerge during extended voy-
ages.

In contrast to the quality factors described
above, the ones below are not part of U.S.

* The firm does not aggregate broken corn and for-
eign material into the aggregate category used by the
USDA, instead preferring to maintain a distinction be-
tween those factors (Table 1).

grades, not automatically tested by the FGIS
at the export port, or both (Table 1). Stress
cracks are internal splits within kernels, and
indicate that the corn underwent severe drying
conditions. High temperatures gelatinize the
starch within the kernel, which inhibits sepa-
ration and recovery. Stress cracks also can re-
sult in more broken kernels during handling.
They have a negative effect on value. Starch
content has a strong positive correlation with
the yield of starch, and can be efficiently mea-
sured by properly calibrated near-infrared
transmittance (NIRT) technology available in
FGIS laboratories in all export facilities. Like-
wise, protein content is also measurable by
NIRT technology and increases the value of
animal feed by-products, including gluten
meal and feed. It is negatively correlated with
starch, however (Table 3). Oil content can also
be measured by NIRT technology; it has a
higher value than starch and could have a pos-
itive coefficient, even though it too is nega-
tively correlated with starch content. Ash con-
tent is not readily measurable by NIRT, and
has little value for starch, although it might be
a good predictor of other products. Fiber is
sometimes calculated as a residual after mea-
suring starch, oil, and protein and would likely
have a net negative relationship with value. It
has little direct value in feed by-products and
could result in the feed exceeding the maxi-
mum limit on fiber allowed in poultry feed,
for example. Germination rate is not readily
measured during loading of the vessel but is
an indicator of good starch yield since corn
with high germination has not been damaged
by high drying temperatures. The character-
istic 4.76-mm-pass refers to the percentage of
material that passes through a sieve of this
size. This material generally has a detrimental
effect on value because it leaches starch into
the steep water and can clog the screens in
steeping tanks. Kernel weight is measured as
the weight of 1,000 kernels and is an indica-
tion of kernel size. The coefficient signs are
unknown a priori since it could require longer
steeping times and be harder to process, but
on the other hand, larger kernels tend to give
more starch and less pericarp (fiber) per ker-
nel. Finally, the net effect of other grain de-
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Table 3. Extended
Test Stress Germin-  4.76- Kernel
Weight Insects Cracks Starch Protein Qil Ash Fiber ation mm-pass Weight
1
-0.04 1
-0.24 -0.60 1
-0.22 -0.16 0.17 I
0.12 043 -0.37 -0.38 1
0.24 0.04 -—-0.26 -0.15 0.15
0.18 038 —-036 -—0.28 0.74 0.33 1
0.08 -0.26 0.16 037 —0.32 0.04 -0.27 1
0.32 031 -046 -022 0.38 0.26 0:33 0.05 1
-0.13 -0.21 0.34 0.09 -025 -024 -0.23 0.01 -0.21 1
037 -040 016 =011 —-0.39 0.17 —-0.34 032 —-0.04 —0.10 1
-0.05 0.13 —0.08 0.06 0.04 0.04 0.06 —0.02 0.05 -0.02 -0.10

dard error estimate for this factor is relatively
large (0.026), the coefficient does not statisti-
cally differ from zero, and we conclude that it
transmits little information about starch yield.

Those characteristics which do have statis-
tical significance are highlighted by one, two,
or three asterisks, which indicate significance
at the .10, .05, and .01 levels, respectively (Ta-
ble 4). In the starch regression, we see that the
coefficients for insects, starch, fiber, 4.76-mm-
pass, and other grain are all statistically dif-
ferent from zero at a .01 level of significance;
thus, they can be considered as the most robust
indicators of starch yield. Other significant in-
dicators of yield include foreign material and
stress cracks (at the .05 level) and germination
(at the .10 level). The signs and size of nearly
every coefficient is consistent with our a priori
expectation described in the previous section.
We see, for instance, that a one percentage
point increase in starch content allows for
greater starch yield by 0.952 percentage
points, a nearly one-to-one relationship. For-
eign material, however, lowers starch yield by
0.554 percentage points for every one per-
centage point increase since it is normally re-

moved prior to the wet-milling process. Only
in the case of ash, which is negatively corre-
lated with starch content and yield, does the
sign of the coefficient conflict with prior ex-
pectations. We do not consider this to be a
problem, however, because this coefficient is
not statistically significant—the standard error
is four times larger than the coefficient.

The regressions for the three other products
are similarly strong, with high adjusted R? val-
ues and coefficient signs and significance
nearly always consistent with our earlier dis-
cussion. Because these products are not as im-
portant as starch, however, the results are dis-
cussed only briefly here.® For gluten meal, the
most critical attributes in terms of statistical
significance and coefficient size are protein,
ash, fiber, and 4.76-mm-pass (Table 4). The
level of starch content, for example, makes lit-
tle difference once protein content has been
accounted for, and the presence of ash is quite

*Gluten meal, gluten feed, and germ contribute
5%, 2%, and 4% to end use value, compared to a starch
contribution of 89%. This is based on average prices
and product yields.
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Table 4. Regression Results
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Equation (1)

Equation (2)

Dependent Starch Gluten Meal Gluten Feed Corn Germ Total End
Variable Yield Yield Yield Yield Use Value
Broken kernels —-0.018 0.008 0.003 0.001 —0.555
(0.026) (0.011) (0.024) (0.005) (1.447)
Foreign material —0.554** 0.009 0.267 —0.012 —27.566%*
(0.241) (0.101) (0.221) (0.043) (13.390)
Moisture —0.048 -0.014 0.060 0:052%%* —1.479
(0.074) (0.031) (0.068) (0.013) (4.113)
Spoiled 0.057 0.011 —0.043 0.013 3.523
(0.052) (0.022) (0.047) (0.009) (2.865)
Test weight 0.023 0.014 -0.022 0.010 1.925
(0.035) (0.015) (0.032) (0.006) (1.946)
Insects —0.481%#%* —0.035 0.190%* (.07 3% —23.864%**
(0.100) (0.042) (0.092) (0.018) (5.560)
Stress cracks —0.011** —0.001 0.002 0.002* =S5 1F*
(0.005) (0.002) (0.005) (0.001) (0.278)
Starch 0.952%%% 0.004 —1.002%+* 0.004 44 BFTH**
(0.034) (0.014) (0.031) (0.006) (1.899)
Protein 0.109 E225%%F —(.908*** —0.113%** 48.208%**
(0.163) (0.068) (0.149) (0.029) (9.047)
QOil 0.260 0.023 —2.004%** 1.590+** 43.603%**
(0.208) (0.087) (0.191) (0.037) (11.540)
Ash 0.124 —3.720%** 2.870%** e Ta ks —123.470%%*
(0.477) (0.199) (0.437) (0.085) (26.490)
Fiber —1.472%*% —1.200%*** 2.831 #%* —0.637*#%* —127.590%**
(0.361) (0.151) (0.331) (0.064) (20.050)
Germination 0.006* 0.001 —0.004 —0.001** 0.293
(0.003) (0.001) (0.003) (0.001) (0.183)
4.76-mm-pass —=0.672%%* —0.074%%* =0, 175k —0.063%** —40.892#**
(0.40) (0.017) (0.037) (0.007) (2.243)
Kernel weight —0.001 —0.002%* —0.001 0.000 —0.140
(0.003) (0.001) (0.003) (0.001) (0.168)
Other grain 1:122%%% —0.054 —0.285 —0.126%* S22
(0.310) (0.129) (0.284) (0.055) (17.210)
Intercept 1.934 0.770 09, 193*%% 0.199 676.060%**
(3.885) (1.623) (3.562) (0.691) (215.800)
Adjusted R? 0.860 0.733 0.847 0.925 0.836

Notes: Entries with one, two, and three asterisks are statistically different from zero in a two-sided test at the 0.10,
0.05, and 0.01 level, respectively. Standard errors are in parentheses.

detrimental with respect to yield in this case.
For the product gluten feed, levels of insects,
starch, protein, oil, ash, fiber, and 4.76-mm-
pass are all critical, with starch having a
strongly negative effect on output. In the case
of corn germ, 10 out of the 16 quality attri-
butes substantially affect yield, with oil con-
tent appearing to play the biggest role in this
case. Because oil content is negatively corre-

lated with starch (Table 3), this result was ex-
pected.

Significantly, nearly every characteristic
found to be of importance is not a criterion for
U.S. grades. The only exception is foreign ma-
terial (part of the composite U.S. grade factor
BCFM), which plays an important role for es-
timating starch yield. A question that arises is:
can the other two factors that directly underlie
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U.S. grades (broken kernels and test weight)
provide critical information, but simply not
vary from shipment to shipment, or be corre-
lated with another variable? Neither possibility
appears to be viable given the statistics in Ta-
bles 2 and 3. The former table indicates that
broken kernels and test weight range from 0.6
to 22.5% and 38.2 to 59.5%, respectively, sug-
gesting substantial variation. Table 3 indicates
that the insignificance is likely not caused by
multicollinearity either because the highest
pairwise correlation is 0.36 and 0.37, respec-
tively.

Note that several of the characteristics have
conflicting effects on the yields of different
products. Fiber, for example, has a clearly neg-
ative effect on starch, gluten meal, and germ
yields, but it has a strong positive association
with gluten feed. That this and other charac-
teristics have mixed effects—that is, they in-
crease the yield of some products while de-
creasing the yield of others—underscores the
need to examine total processed value in iden-
tifying those characteristics that transmit crit-
ical information. Equation (2), which is esti-
mated below, evaluates the joint product
nature of the relationships.

Marginal Revenue Products of Quality
Attributes

Equation (2) involves regression on the same
grade and nongrade characteristics used for
Equation (1). In this case, the dependent var-
iable is processed value, constructed as the
sum of the yield of the four processed prod-
ucts weighted by their average selling price.
In a perfectly competitive environment, the es-
timates of marginal revenue product generated
here can be interpreted as the amount that the
firm should be willing to pay to get either
more or less of a characteristic. To the authors’
knowledge, this is the first statistical evidence
as to which dimensions of quality beyond
those tested at the U.S. port are economically
important.

On regressing Equation (2) by ordinary
least squares and the 253 observations, in-
spection of residuals and diagnostic tests re-
vealed no evidence of heteroscedasticity or au-
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tocorrelation, the latter of which was verified
statistically through a Durbin-Watson test. The
results suggest that end use value is closely
linked to quality attributes because the adjust-
ed R? for the regression was .836, and 10 of
the 16 estimated quality coefficients are statis-
tically different from zero at the .05 level or
better (Table 4). The basic results were found

to be invariant across different functional
forms, including linear, log-log, and log-linear
specifications.

The sign of every quality coefficient is as
anticipated in our earlier discussion, with the
exception of spoiled kernels, although this is
not troublesome because, statistically, this co-
efficient is not different from zero. Among the
characteristics that communicate much infor-
mation about the processed value of corn (i.e.,
are statistically different from zero), foreign
material, insects, stress cracks, ash, fiber, and
4.76-mm-pass have negative marginal revenue
products. The other particularly important at-
tributes—starch, protein, oil, and other
grain—all have a positive relationship with
end use value. Foreign material is the only
characteristic among these to underlie USDA
grades. However, its ability to transmit infor-
mation is limited because it is combined into
the composite category BCFM along with the
insignificant attribute broken corn. Insects is
the only important nongrade factor explicitly
tested by the FGIS in all exported shipments.

A slight change in level of one of the qual-
ity characteristics can make a very big differ-
ence with respect to value. For instance, a one
percentage point reduction in foreign material
increases overall revenue by ¥27.566/kg (Ta-
ble 4). A one percentage point increase in
starch raises the processed value by ¥44.837/
kg. On a 50,000—metric ton shipment, these
results suggest very large revenue differences
of U.S.$11.98 million and U.S.$19.49 million,
respectively.’

Most of the informationally valuable char-
acteristics for the processor, including starch,
protein, oil, ash, and fiber, are related to the
intrinsic properties of corn, which is consistent

7 Calculated using average 1990-1996 exchange
rate of ¥115.04/U.S.S.
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with Eckhoff (personal communication) and
Mercier, as well as Hill et al. (1990). The find-
ing that stress cracks (caused for the most part
by hot air drying) and foreign material (nor-
mally cleaned out before steeping) provide im-
portant information about value is also highly
consistent with earlier survey results. That the
coefficient for other grain is positive and sig-
nificant suggests that outside grains such as
soybeans (with their added oil) or wheat (with
added starch) actually improve the ultimate
value of the corn.

In comparing the results for Equations (1)
and (2), total processed value is clearly influ-
enced mostly by the results for the starch re-
gression because starch has both the highest
yield and price. However, a number of the co-
efficients in the end use value regression are
also influenced by the other products in an im-
portant way. Hence, the results of Equation (2)
should be of ultimate interest to the firm, and
consequently to this analysis.

Implications

We have demonstrated that if levels of foreign
material, insects, stress cracks, starch, protein,
oil, ash, fiber, 4.76-mm-pass, and other grain
are known, a processor can make a strong as-
sessment of end use (i.e., final processed) val-
ue. However, only one of these factors, foreign
material, can be specified at the time of ne-
gotiation through U.S. grade. Even control
over this is limited because it is combined into
a composite category along with broken ker-
nels.

Can foreign buyers control for character-
istics not included in U.S. grades? The ability
to do this without use of an identity-preserved
market channel is quite limited. In Japan, pro-
cessor purchases are nearly always made
through one or more trading companies, who
in turn purchase from international grain com-
panies (Caplan, p. 9). The U.S. export eleva-
tors of these firms receive corn from many or-
igins. The grade of corn received is usually
No. 1 or 2, and the export grade is usually No.
2 or 3. At the time of loading, the cargo is
blended to meet or exceed the minimum qual-
ity specified by the grade. Nongrade factors

can vary widely, depending on the origin, crop
year, handling, and storage history. As such,
it is difficult for a processor to purchase U.S.
corn on the basis of attributes that are directly
correlated with end use value.

Although the level of insects is automati-
cally tested at the origin port without charge
and levels of stress cracks, starch, protein, and
oil can be tested by the FGIS on request, mea-
surement at this stage does not allow for se-
lection on the basis of a particular attribute,
since buyers find out its level only after a ves-
sel is loaded.® Furthermore, as long as they are
not part of U.S. grades (and identity preser-
vation is not used), derived demand for these
attributes will not be transmitted back to the
originating elevator and farm. Local elevators
that receive grain directly from producers typ-
ically only measure those characteristics that
are grade-determining. The incentive for farm-
ers, therefore, is to only be concerned about
the attributes that underlie grades, even if they
are not of importance to the end user.

One way that some importers have circum-
vented these problems is through use of iden-
tity-preserved market channels, which can en-
tail direct contact between producer and
processor. In this case, the grain can be seg-
regated at the originating farm by way of con-
tainerization and never enter into standard
U.S. market channels. Vachal and Reichert re-
port that about 1% of U.S. grain is currently
marketed by this method and that container
use and other forms of identity preservation is
likely to increase.

At the same time, it seems unlikely that all
but a small share of the market will ultimately
be able to justify this method. Given the cur-
rent U.S. grain-handling system—rather effi-
cient by world standards—the relatively much
higher cost of contracting and identity pres-
ervation makes it impractical for a vast ma-
jority of corn importers. The fact that 1% of
the grain market has so far opted for contain-
erization does not imply that most importers

#The FGIS introduced optional testing of starch,
protein, and oil content since the first version of this
paper was completed, in part because of an earlier pre-
sentation of findings from this research.
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are not concerned about quality and would not
like more information and control over factors
not in current U.S. grades. The costs of iden-
tity preservation might simply be too large.
There are likely many below this extreme
(such as the processor supplying data for this
paper) who would benefit from being able to
send clearer signals about which attributes are
desired, and being able to select on the basis
of those attributes. Furthermore, most of the
characteristics found important in this study
can be included in grades without adding un-
due burden to the system. For example, mea-
surement of three particularly important char-
acteristics—starch, oil, and protein—has
become quick and inexpensive because NIRT
technology is used by the FGIS at U.S. export
ports.

Summary and Conclusions

This study has sought to determine what qual-
ity attributes best transmit information about
the end use value of corn, using detailed data
from a Japanese wet miller. Although the Jap-
anese wet-milling market is not representative
of all corn importers, it is a prominent and
growing market for U.S. corn. Moreover, the
sensitivity to quality exhibited by wet millers
is suggestive of where the international corn
market appears to be headed in general. The
use of shipment-specific processed value and
quality characteristics—including and in ad-
dition to those normally tested by the FGIS—
allows for statistical analysis of which char-
acteristics might be usefully incorporated into
U.S. grades, as well as which provide little
information about value.

The significant factors in determining end
use value are foreign material, insects, stress
cracks, starch, protein, oil, ash, fiber, 4.76-
mm-pass, and other grain. The current U.S.
practice of combining broken corn and foreign
material into one composite category (BCFM)
is not supported by the results of this study
because broken corn does not provide valuable
information about yield for any of the four
processed products and was not found to be a
good indicator of value. This is consistent with
earlier findings by Hill et al. (1990) and mir-

27

rors. the frequent suggestion that BCFM be
separated into subcategories.” Because test
weight is a grade-determining characteristic
but not significant in the models related to
yield and value, it would seem that a less im-
portant measure has been substituted for more
important ones in the historical organization of
grades for the U.S. grain-handling system.

Of the characteristics found to be impor-
tant, only foreign material is represented in
U.S. grades but (as indicated above) is com-
bined with an insignificant attribute. The level
of insects is measured and reported at no extra
charge on the origin certificate but is not
grade-determining. Information on stress
cracks, starch, protein, and oil is available on
request for a fee since they have been classi-
fied as “‘official criteria.” However, measure-
ment after a vessel has been loaded precludes
selection on the basis of a particular attribute.
Moreover, as long as an attribute is not in-
cluded in grades, the derived demand for it is
not transmitted back to the originating elevator
and farm because local elevators typically
only test those attributes that are grade deter-
mining.

The increased use of identity-preserved
market channels has partly been in response
to the inadequacies of current U.S. grades for
transmitting adequate information about the
evolving quality needs of foreign buyers.
Identity preservation, however, is a particular-
ly expensive option given the structure of the
U.S. grain-handling system. As a result,
grades will remain the primary means of trans-
mitting information about quality and end use
value between the vast majority of foreign
buyers and domestic handlers and producers.
The findings of this study strengthen the po-
sition of industry observers who recommend
that easily measured intrinsic characteristics
such as starch, protein, and oil be incorporated
into U.S. corn grades.

[Received April 2002; Accepted August 2002.]

¢ Separation of BCFM into two or more subcate-
gories has been partially adopted for grain sorghum
and has long been in place for wheat and barley grades.
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