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HIGHLIGHTS

The U.S. Aggregate averages for the 
2018/2019 soybean export samples were 
graded as U.S. No. 2 or better on all grade 
attributes. Other notable results from this 
year’s samples include the following:

Chemical Composition
 ● Average crude protein concentration 

was 34.4% (at 13% moisture), with 
82% at or above 34.0%. Average crude 
protein in 2017/2018 was also 34.4%.

 ● Average oil concentration was up by 
0.6% points from 2017/2018 to 19.6% 
(at 13% moisture), with 84% at 19.0% 
or higher. 

 ● Average crude fiber concentration was 
4.8% (at 13% moisture), slightly lower 
than 2017/2018 (4.9%), with 92% at 
5.0% or lower.

Physical Factors 
 ● Average U.S. Aggregate 100-seed 

weight was 16.32 g, with 70% at or 
above 16.0 g.

 ● Average U.S. Aggregate seed volume 
was 0.131 cm3, with 62% at 0.130 cm3 
or higher.

 ● Average U.S. Aggregate true density 
was 1.247 g/cm3 with 44% at  
1.250 g/cm3 or lower.

Valuation Estimates
 ● Average U.S. Aggregate Estimated 

Processed Value (EPV) ($10.15) was 
higher compared to 2017/2018 
($10.08) and 2016/2017 ($10.12). 
This difference can be attributed to a 
higher U.S. Aggregate oil component 
value ($3.22) relative to 2017/2018 
($3.12) and 2016/2017 ($3.16).

Grade Factors
 ● Average total damage was 2.4%, 69% at 

or below the limit for U.S. No. 2 grade 
(3.0%). This year’s average was higher 
than 2017/2018 (1.2%).

 ● Average heat damage was 0.2%, with 
90% at or below the limit for U.S. No. 2 
grade (0.5%).

 ● Average foreign material was 1.4%, with 
90% at or below the limit for U.S. No. 2 
grade (2.0%).

 ● Average splits was 9.0%, with 99% at 
or below the limit for U.S. No. 2 grade 
(20.0%).

 ● All the samples contained less than 
1.0% soybeans of other colors.

 ● Of the 235 samples collected, a total 
of 143 samples (61%) were U.S. No. 2 
grade or better.

Test Weight
 ● Average test weight was 55.0 lb/

bu, with 68% at or above 54.0 lb/bu 
compared to 98% in 2017/2018.

Moisture
 ● Average moisture content was 12.8%, 

higher than previous years. Only 66% 
of this year’s samples were at or below 
13%, indicating care should be taken 
in monitoring moisture and storage 
conditions. 



2018/2019 SOYBEAN EXPORT QUALITY REPORT2

The United States is recognized world-
wide as a reliable supplier of high-quality 
soybeans to international markets. Clear, 
concise, and consistent information about 
soybean quality is essential to all those 
along the soybean value chain. Such 
information is vital to understanding and 
promoting the U.S. Soy Advantage for soy-
beans sold both domestically and abroad. 
The 2018/2019 Soybean Export Quality 
Report, the third in an annual series, was 
designed to develop an understanding of 
the quality of soybeans exported through 
various ports. It does so by providing the 
analysis results of soybean samples col-
lected and tested during the sampling and 
inspection processes licensed by the U.S. 
government for U.S. soybean exports.

BACKGROUND
Understanding the strengths and weak-
nesses of soybeans produced and marketed 
in the United States is key to the promotion 
of the U.S. Soy Advantage. The U.S. Soy-
bean Quality Survey has been conducted 
annually since 1986. The 2018 edition of 
this survey was funded by the U.S. Soybean 

INTRODUCTION

Export Council. Through samples provided 
by producers at harvest, the survey pro-
vides an accurate representation of the 
compositional quality of soybeans produced 
in the United States. However, the survey 
does not necessarily represent the compo-
sitional quality of what is exported to other 
countries. In addition, grade factors are 
an important aspect of soybean value to 
soybean buyers, and these factors are not 
included in the U.S. Soybean Quality Survey.
This report provides that much-needed 
information by providing details of the 
quality test results of the grade factors 
(total and heat damage, foreign material, 
splits, and soybeans of other colors); and 
non-grade factors including test weight; 
moisture content; chemical composition 
(crude protein, oil, and crude fiber concen-
trations); and physical factors (100-seed 
weight, seed volume, and seed true den-
sity) along with valuation estimates made 
based on each sample’s chemical compo-
sition. Each quality factor tested includes 
information on the average, variability, 
and distribution1 of the samples collected. 
Results are also compared to the previous 
reports’ samples when possible. 

1Throughout this report, the distribution of the samples collected is displayed using frequency histograms. The percentages of samples with 
values within the ranges indicated are displayed above each bar. While the sum of the actual percentages in each distribution equals 100%, 
the sum of the percentages displayed may not equal 100% since they are rounded to the nearest integer.
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These data are provided at the U.S. aggre-
gate (U.S. Aggregate) level and by export 
points, which have been grouped into four 
general “Export Regions” (ERs):

 ● The Gulf ER, which includes the ports 
of New Orleans, Louisiana, and League 
City, Texas, and other nearby ports 
under FGIS jurisdiction; 

 ● The Interior ER, which consists of 
areas that generally export soybeans 
by rail to Mexico;

 ● The Lakes ER, which includes the 
ports around the Great Lakes area 
under the jurisdiction of the FGIS 
Toledo, Ohio, field office; and

 ● The Pacific Northwest ER, which 
includes the ports of Olympia, 
Washington, and Portland, Oregon.

To provide this information, a sampling 
survey was designed, and a proportionate, 
stratified sampling technique was used to 
ensure a sound, statistical sampling of U.S. 
soybean exports. The number of samples 
collected from each ER was established so 
the survey could estimate the true aver-

INTRODUCTION

ages of the grade and chemical composition 
factors with a certain level of precision. 
The level of precision chosen for the survey 
was a relative margin of error (Relative 
ME) of not more than 10%, which is a 
reasonable target for biological data such 
as these soybean quality factors. Details 
on the statistical sampling and analysis 
methods can be found in the “Survey and 
Statistical Analysis Methods” section.
For the 2018/2019 Soybean Export Quality 
Report, the sampling process was adminis-
tered by the U.S. Department of Agriculture 
(USDA) Federal Grain Inspection Service 
(FGIS) and participating official service 
providers as part of their inspection ser-
vices while soybeans were being loaded 
for export, from November to June 2019. 
Details about the testing analysis methods 
used for this report are provided in the 
“Testing Analysis Methods” section.

RESULTS
The results and assessments in the 
2018/2019 Soybean Export Quality Report 
will provide sales desks and other industry 
stakeholders with accurate information 
about soybean quality and patterns in 
quality across the four different Export 
Regions. Thus, participants across the 
value chain will be able to maximize the 
value of U.S. soybeans by aligning accurate 
knowledge of the U.S. Soy Advantage with 
customer needs.

EXPORT REGION AREA

PACIFIC
NORTHWEST

LAKES
INTERIOR

GULF
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TESTING RESULTS

A. GRADE FACTORS, TEST WEIGHT, AND MOISTURE CONTENT
The United States provides four grades 
from which buyers may select the grade 
factor qualities and price that best match 
their needs and preferences. Official 
grades are mandated for soybeans loaded 
at U.S. ports, relying on samples taken by 
approved sampling devices, following the 
last elevation before transfer to the vessel 
or railcar.

The factors that determine the numer-
ical grades are: total-damaged kernels; 
heat-damaged kernels as a subset of 
total damage; foreign material; splits; 
and soybeans of other colors. A new rule 
became effective September 1, 2007,1 which 
changed test weight in soybeans from a 
grade-determining factor to an informa-
tional factor. The applicant for grading 
services (e.g., the buyer) is permitted to 

request that test weight not be evaluated; 
otherwise, the test weight is measured and 
recorded on each certificate. Moisture con-
tent is also not a grade-determining factor 
but must be recorded on every certificate. 
Buyers may specify the desired moisture 
content in their contracts.

The U.S. Department of Agriculture (USDA) 
Federal Grain Inspection Service (FGIS) 
provides official grading guidelines in the 
Grain Inspection Handbook.2 Throughout 
the Testing Results section, their official 
wording is used to describe the grade fac-
tors, test weight, and moisture content.

A full table showing the maximum limits 
of each factor by grade number is shown 
below. An expanded version of this table 
can also be found on page 55. 

U.S. SOYBEAN GRADES AND GRADE REQUIREMENTS
Maximum Limits of

Damaged Kernels

Grade
Total 

(Percent)

Heat 
(part of total) 

(Percent)

Foreign 
Material 
(Percent)

Splits 
(Percent)

Soybeans of 
Other Colors 

(Percent)

U.S. No. 1 2.0 0.2 1.0 10.0 1.0

U.S. No. 2 3.0 0.5 2.0 20.0 2.0

U.S. No. 3 5.0 1.0 3.0 30.0 5.0

U.S. No. 4 8.0 3.0 5.0 40.0 10.0

1As reported in the Federal Register, Volume 71, No. 172, Page 52403.
2USDA GIPSA Grain Inspection Handbook, Book II, Grade Grading Procedures.
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 TESTING RESULTS

SUMMARY: GRADE FACTORS, TEST WEIGHT, AND MOISTURE CONTENT

 ● Average U.S. Aggregate total damage was 
2.4%, significantly higher than 2017/2018 
(1.2%).

 ● Total damage was distributed with 49% of 
the samples at or below the limit for U.S. 
No. 1 grade, and 69% of the samples at or 
below the limit for U.S. No. 2 grade. 

 ● The average U.S. Aggregate heat damage 
was 0.2%; higher than 2017/2018 (0.1%). 

 ● Heat damage ranged from 0.0 to 3.5%, with 
138 of the 235 samples (59%) having no 
detectable heat damage.

 ● Heat damage was distributed with 76% of 
the samples at or below the limit for U.S. 
No. 1 grade, and 90% of the samples at or 
below the limit for U.S. No. 2 grade.

 ● Average U.S. Aggregate foreign material 
was 1.4%, slightly above 2017/2018 (1.2%).

 ● Foreign material was distributed with 32% 
of the samples at or below the limit for U.S. 
No. 1 grade, and 90% of the samples at or 
below the limit for U.S. No. 2 grade. 

 ● Average U.S. Aggregate splits was 9.0%, 
slightly lower than for 2017/2018 (9.2%). 

 ● Splits were distributed with 68% of the 
samples at or below the limit for U.S. No. 1 
grade, and 99% of the samples at or below 
the limit for U.S. No. 2 grade.

 ● All samples contained less than 1.0% 
soybeans of other colors, and all of the 
samples were classed as Yellow Soybeans.

 ● Only 9 of 235 samples (4%) were reported 
to contain any soybeans of other colors. All 
samples were below the maximum limit for 
U.S. No. 1 Yellow Soybean class (1.0%).

 ● Average U.S. Aggregate test weight was 55.0 
lb/bu, lower than 2017/2018 (55.6 lb/bu). 

 ● Test weight was distributed with 33% of the 
samples having values equal to or greater 
than 56.0 lb/bu, and 68% equal to or above 
54.0 lb/bu.

 ● Average U.S. Aggregate moisture content 
was 12.8%, one percentage point higher 
than 2017/2018. 

 ● Moisture content was distributed with 15% 
of the samples at or below 12.0%, and 66% 
at or below 13.0%. The increased number 
of samples above 13% moisture in the 
2018/2019 crop indicates that care should 
be taken in monitoring moisture and 
storage conditions.

 ● There was a wide range in average 
moisture content among the four ERs. The 
Lakes ER had the highest average moisture 
content (13.9%), and the Interior ER had 
the lowest average moisture content 
(11.7%).

The U.S. Aggregate averages for the 
2018/2019 soybean export samples met 
the standards for U.S. No. 2 or better on 
all grade attributes. The aggregate aver-

ages met the standards for U.S. No. 1 on all 
factors except total damage and foreign 
material. 
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TESTING RESULTS

FGIS defines total damage as soybeans 
and soybean pieces whose damage is 
distinctly apparent. This grade factor 
includes the following types of damage: 
badly ground-damaged and/or weather-
damaged, diseased, frost-damaged, 
germ-damaged, heat-damaged, insect-
bored, mold-damaged, sprout-damaged, 
stinkbug-stung, or otherwise materially 
damaged. Stinkbug-stung kernels are 
determined at the rate of one-fourth of 
the actual percentage of the stung kernels. 
When total damage increases, it reflects a 
deterioration of the seed which can lead to 
reduced storability and possible reduction 
in oil quality.

RESULTS
 ● The average U.S. Aggregate total 

damage for the 2018/2019 soybean 
export samples (2.4%) was higher 
than 2017/2018 (1.2%) and 2016/ 
2017 (0.8%), but below the limit for 
U.S. No. 2 grade (3.0%). 

 ● Total damage variability was 
measured by its standard deviation 
of 1.43% and a range in sample 
values of 0.0 to 9.2%. Variability was 
greater than in 2017/2018 which had 
a standard deviation of 0.81% and a 
range of 0.0 to 8.3%. 

 ● Total damage was distributed with 
49% of the samples at or below the 
limit for U.S. No. 1 grade (2.0%), and 
69% at or below the limit for U.S. No. 2 
grade (3.0%). This contrasts with the 
76% and 92% reported for 2017/2018. 

TOTAL DAMAGE 

U.S. Grade 
Total Damage 

Maximum Limits
No. 1:  2.0%

No. 2:  3.0%

No. 3:  5.0%

No. 4:  8.0%

TOTAL DAMAGE (%)

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(%)

Std Dev 
(%)

 2016/2017 0.8 0.71
 2017/2018 1.2 0.81
 2018/2019 2.4 1.43

91

6 2 1 0

76

16
7

0 0

49

20 21
9

0

Total Damage (%)
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 TESTING RESULTS

 ● Soybeans from the Gulf ER had the 
highest average total damage (3.2%) 
compared to the Interior (0.9%), 
Lakes (1.1%), and Pacific Northwest 
(0.6%) ERs. 

 ● The Gulf had the highest total damage 
of the four ERs in all three years.

 ● Soybeans from the Gulf ER also had 
the greatest variability, as indicated 
by the standard deviation of 1.61%, 
and a range from 0.0 to 9.2%.

TOTAL DAMAGE (%)

EXPORT REGION AVERAGE

PACIFIC
NORTHWEST

LAKES
INTERIOR

GULF

1.1
0.9

3.2

0.6
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TESTING RESULTS

HEAT DAMAGE

FGIS defines heat-damaged kernels as soy-
beans and pieces of soybeans which are 
materially discolored and damaged by heat. 
Kernels that have been damaged by heat, 
heat-damaged, and immature kernels often 
require cross-sectioning to evaluate the 
extent of the damage. Since soybeans usu-
ally field-dry to acceptable levels, they are 
seldom dried with heated air, thus avoiding 
potential heat damage in the market chan-
nel. 

RESULTS
 ● The average U.S. Aggregate heat 

damage for the 2018/2019 soybean 
export samples (0.2%) was higher 
than 2017/2018 (0.1%) and was just 
equal to the limit for U.S. No. 1 grade 
(0.2%).

 ● The variability among samples as 
measured by standard deviation was 
0.30%. with a range of 0.0 to 3.5%.

 ● Only 97 of the 235 samples had 
detectable heat damage. Heat damage 
was distributed with 76% of the 
samples at or below the limit for U.S. 
No. 1 grade (0.2%), and 90% at or 
below the limit for U.S. No. 2 grade 
(0.5%).

 ● Heat damage in the four ERs averaged 
0.2% for the Gulf ER, 0.5% for the 
Lakes ER and 0.0% for the other ERs.

HEAT DAMAGE (%)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(%)

Std Dev 
(%)

 2016/2017 0.1 0.22
 2017/2018 0.1 0.23
 2018/2019 0.2 0.30

88

8 2 2 0

82

10 5 4 0

76

14
7 3 0

Heat Damage (%)Heat Damage (%)

PACIFIC
NORTHWEST

LAKES
INTERIOR

GULF

0.5

0.0

0.0

0.2

U.S. Grade 
Heat Damage 

Maximum Limits
No. 1:  0.2%

No. 2:  0.5%

No. 3:  1.0%

No. 4:  3.0%
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 TESTING RESULTS

FOREIGN MATERIAL

FGIS defines foreign material as all mate-
rial that can pass through an 8/64th-inch 
(3.175 mm) round-hole sieve. The limit for 
U.S. No. 1 grade soybeans is 1.0% foreign 
material, and shipments often require 
cleaning to meet this limit. 

RESULTS
 ● The average U.S. Aggregate foreign 

material for the 2018/2019 soybean 
export samples (1.4%) was above 
2017/2018 (1.2%) and above the limit 
for U.S. No. 1 grade (1.0%).

 ● Variability in foreign material was 
indicated by a standard deviation of 
0.54% and a range in sample values 
of 0.3 to 3.9%. These were similar to 
the values in the 2017/2018 samples 
(standard deviation of 0.48% and the 
range of 0.3 to 2.8%). 

 ● Foreign material was distributed with 
32% of the samples at or below the 
limit for U.S. No. 1 grade (1.0%), and 
90% at or below the limit for U.S. No. 
2 grade (2.0%). 

 ● Soybeans from the Gulf ER had the 
highest foreign material average 
of 1.5%. Soybean samples from the 
Lakes and Pacific Northwest ERs had 
the lowest levels of foreign material, 
with 1.0% and 1.1%, respectively.

FOREIGN MATERIAL (%)

EXPORT REGION AREA AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

41

55

4 0 0

49
45

6
0 0

32

58

9
1 0

Foreign Material  (%)

PACIFIC
NORTHWEST

LAKES
INTERIOR

GULF

1.0

1.1

1.4

1.5

U.S. Grade 
Foreign Material 
Maximum Limits

No. 1:  1.0%

No. 2:  2.0%

No. 3:  3.0%

No. 4:  5.0%

Avg 
(%)

Std Dev 
(%)

 2016/2017 1.2 0.44
 2017/2018 1.2 0.48
 2018/2019 1.4 0.54



2018/2019 SOYBEAN EXPORT QUALITY REPORT10

TESTING RESULTS

FGIS defines splits as soybeans with more 
than one-fourth of the bean removed and 
that are not damaged. The percentage of 
splits is determined by sieving 125 grams 
of soybeans, after removal of foreign mate-
rial, on an 8/64 × 3/4 in. (3.175 × 19.050 
mm) or 9/64 × 3/4 in. (3.572 × 19.050 mm) 
oblong-hole or 10/64 × 3/4 in. (3.969 × 
19.050 mm) oblong-hole hand sieve. 
The percent of splits in most lots of U.S. 
soybean exports is below the limit for U.S. 
No. 1 grade. 

RESULTS
 ● The average U.S. Aggregate splits 

for the 2018/2019 soybean export 
samples (9.0%) was slightly lower 
than for 2017/2018 (9.2%), and well 
below the limit for U.S. No. 1 grade 
(10.0%).

 ● Variability in splits was indicated by 
a standard deviation of 3.30%, with a 
range in sample values of 1.7 to 22.1%. 
Variability in 2018/2019 was less 
than 2017/2018 which had a standard 
deviation of 3.73% and a range of 1.0 
to 23.1%.

 ● Splits was distributed with 68% of 
the samples at or below the limit for 
U.S. No. 1 grade (10.0%), and 99% at 
or below the limit for U.S. No. 2 grade 
(20.0%). 

 ● Samples from the Interior ER had 
the highest average of splits (10.3%), 
while the Pacific Northwest ER had 
the lowest average of splits (6.8%), 
followed by the Lakes (7.2%) ER.

SPLITS

SPLITS (%)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(%)

Std Dev 
(%)

 2016/2017 8.7 2.54
 2017/2018 9.2 3.73
 2018/2019 9.0 3.30

72

28

0 0 0

65

34

1 0 0

68

31

0 0 0

Splits (%)

PACIFIC
NORTHWEST

LAKES
INTERIOR

GULF

7.2

6.8

10.3

9.8

U.S. Grade 
Splits 

Maximum Limits
No. 1:  10.0%

No. 2:  20.0%

No. 3:  30.0%

No. 4:  40.0%
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 TESTING RESULTS

SOYBEANS OF OTHER COLORS

Soybeans are divided into two classes 
based on color–Yellow or Mixed Soybeans. 
The Mixed Soybean class is comprised of 
soybeans of other colors, including green, 
black, brown, or bicolored seed coats. To 
qualify for the Yellow Soybean class, the 
soybeans must contain 10.0% or less soy-
beans of other colors. If over 10.0%, the 
soybeans will be classified as a mixed class.

RESULTS
 ● Only 9 samples out of 235 soybean 

export samples in 2018/2019 were 
reported to contain any soybeans of 
other colors, with a range from 0.0 to 
0.3%. 

 ● All 235 soybean export samples 
were considered to be in the Yellow 
Soybean class since they contained 
less than the No. 1 grade limit for 
soybeans of other colors (1.0%). 

SOYBEANS OF OTHER COLORS (%)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(%)

Std Dev 
(%)

 2016/2017 0.0 0.04
 2017/2018 0.0 0.07
 2018/2019 0.0 0.03

100

0 0 0

100

0 0 0

100

0 0 0

Soybeans of Other Colors (%)

PACIFIC
NORTHWEST

LAKES
INTERIOR

GULF

0.0

0.0

0.0

0.0

U.S. Grade Soybeans 
of Other Colors 

Maximum Limits
No. 1:  1.0%

No. 2:  2.0%

No. 3:  5.0%

No. 4:  10.0%
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TESTING RESULTS

TEST WEIGHT
Test weight is a measure of bulk density 
and is a non-grade determining factor in 
soybeans. FGIS defines test weight as the 
weight per Winchester bushel (2,150.42 
cubic inches or 35.239 liters) as measured 
using an approved device, according to 
procedures prescribed in FGIS instruc-

tions. Test weight is determined before the 
removal of foreign material.
Although test weight is not a grade-de-
termining factor, it is often measured and 
recorded on the export certificate. Some 
buyers consider it an indirect indication of 
quality.

RESULTS
 ● Prior to removal of test weight as 

a grade-determining factor, the 
minimum for U.S. No. 1 grade was 56.0 
lb/bu. The average U.S. Aggregate 
test weight in the 2018/2019 soybean 
export samples (55.0 lb/bu) was lower 
than 2017/2018 (55.6 lb/bu) and 
slightly below the old limit of 56 lb/bu. 

 ● Variability in test weight was greater 
in 2018/2019 than in 2017/2018 as 
indicated by standard deviations of 
1.19 and 0.71%, respectively. The 
range in sample values in 2018/2019 
was 51.8 to 58.5 lb/bu., compared to 
the narrower range of 53.3 to 58.4 lb/
bu in 2017/2018.

 ● Test weight was distributed with 33% 
of the samples having values equal to 
or greater than 56.0 lb/bu, and 68% at 
or above 54.0 lb/bu. The average was 
highest for the Pacific Northwest ER 
(56.7 lb/bu) and lowest for the Gulf ER 
(54.2 lb/bu).

 ● Samples from the Gulf ER had the 
greatest variability with a standard 
deviation of 1.27% compared to 0.55, 
0.85, and 1.09% from the Lakes, 
Interior, and Pacific Northwest ERs, 
respectively.

TEST WEIGHT (lb/bu)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(lb/bu)

Std Dev 
(lb/bu)

 2016/2017 55.6 0.57
 2017/2018 55.6 0.71
 2018/2019 55.0 1.19

0
3

15

31

25

15
11

1

8

18

24

16
12

20

31

8 8
10 9

13

20

Test Weight (%)

PACIFIC
NORTHWEST

LAKES
INTERIOR

GULF

55.9

56.7

55.7

54.2
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 TESTING RESULTS

Moisture content determines how much 
dry matter is bought or sold. It also affects 
storability and the ability to loosen seed 
coats during the soybean dehulling pro-
cess. Moisture content is also an important 
factor affecting susceptibility to mold 
damage, breakage, and splits during han-
dling and transport. For clean soybeans 
stored under good aeration conditions in 
a temperate climate such as that of the 
Midwestern United States, recommended 
moisture content is 13% or less for storage 
up to six months under winter conditions; 
12% or less for storage up to one year; and 
11% or less for more than one year.3

Although moisture content is not a 
grade-determining factor, it must be 
recorded on the export certificate.

RESULTS
 ● The average U.S. Aggregate moisture 

content for the 2018/2019 soybean 
export samples (12.8%) was higher 
than 2017/2018 (11.8%) and 
2016/2017 (12.1%). 

 ● Variability in moisture content as 
indicated by a standard deviation of 
0.63% and range in sample values 
of 10.6 to 14.7% was higher than in 
2017/2018 (0.99% and 9.6 to 14.1%, 
respectively). 

3MWPS-13. 1988. Grain Drying, Handling and Storage Handbook. Midwest Plan Service No. 13. Iowa State University, Ames, IA.

MOISTURE

MOISTURE (%)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(%)

Std Dev 
(%)

 2016/2017 12.1 0.47
 2017/2018 11.8 0.99
 2018/2019 12.8 0.63
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TESTING RESULTS

 ● Moisture content was distributed with 
15% of the samples at or below 12.0%, 
and 66% at or below 13.0%. 

 ● This distribution shows a much lower 
percentage of the 2018/2019 crop 
was exported at moisture levels at or 
below 13% compared to 2017/2018 
and 2016/2017. The increased number 
of samples above 13% moisture in 
the 2018/2019 crop indicates that 
care should be taken in monitoring 
moisture and storage conditions.

 ● There was a wide range in average 
moisture content among the four ERs, 
with the Lakes ER having the highest 
average moisture content (13.9%) 
and the Interior ER having the lowest 
average moisture content (11.7%) of 
the ERs. 

ANNUAL U.S. AGGREGATE 
MOISTURE DISTRIBUTIONS 

2018/2019 (% OF SAMPLES)

2017/2018 (% OF SAMPLES)

2016/2017 (% OF SAMPLES)

37.6%
60.6%

1.8%

(≤12)
(>12-≤13)

(>13)

58.0%
35.6%

6.4%

(≤12)
(>12-≤13)

(>13)

14.9%

51.1%

34.0%

(≤12)

(>12-≤13)

(>13)
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SUMMARY: GRADE FACTORS, TEST WEIGHT, AND MOISTURE
2018/2019 Export 2017/2018 Export 2016/2017 Export

No. of  
Samples Avg.

Std. 
Dev. Min. Max.

No. of 
Samples Avg.

Std. 
Dev.

No. of 
Samples Avg.

Std. 
Dev.

U.S. Aggregate U.S. Aggregate U.S. Aggregate

Total Damage (%) 235 2.4 1.43 0.0 9.2 219 1.2* 0.81 218 0.8* 0.71 
Heat Damage (%)1 235 0.2 0.30 0.0 3.5 219 0.1 0.23 218 0.1* 0.22 
Foreign Material (%) 235 1.4 0.54 0.3 3.9 219 1.2* 0.48 218 1.2* 0.44 
Splits (%) 235 9.0 3.30 1.7 22.1 219 9.2 3.73 218 8.7 2.54 
Soybeans of Other Colors (%)1 235 0.0 0.03 0.0 0.3 219 0.0* 0.07 218 0.0* 0.04 
Test Weight (lb/bu) 229 55.0 1.19 51.8 58.5 219 55.6* 0.71 218 55.6* 0.57 
Moisture (%) 235 12.8 0.63 10.6 14.7 218 11.8* 0.99 218 12.1* 0.47 

Gulf Gulf Gulf

Total Damage (%) 150 3.2 1.61 0.0 9.2 149 1.8* 1.1 148 1.1* 0.98 
Heat Damage (%) 150 0.2 0.39 0.0 3.5 149 0.2 0.3 148 0.1* 0.30 
Foreign Material (%) 150 1.5 0.57 0.4 3.9 149 1.2* 0.5 148 1.2* 0.47 
Splits (%) 150 9.8 3.30 3.0 22.1 149 9.3 3.6 148 8.4* 2.13 
Soybeans of Other Colors (%) 150 0.0 0.03 0.0 0.3 149 0.0 0.1 148 0.0 0.04 
Test Weight (lb/bu) 144 54.2 1.27 51.8 58.1 149 55.1* 0.6 148 55.3* 0.48 
Moisture (%) 150 13.0 0.62 11.8 14.7 148 12.0* 1.2 148 12.2* 0.40 

Pacific Northwest Pacific Northwest Pacific Northwest

Total Damage (%) 55 0.6 1.14 0.0 7.0 57 0.1* 0.1 55 0.2* 0.14 
Heat Damage (%) 55 0.0 0.09 0.0 0.5 57 0.0 0.0 55 0.0 0.03 
Foreign Material (%) 55 1.1 0.50 0.3 2.7 57 1.0 0.4 55 1.1 0.36 
Splits (%) 55 6.8 3.28 1.7 16.1 57 8.0 4.3 55 9.8* 3.56 
Soybeans of Other Colors (%) 55 0.0 0.02 0.0 0.1 57 0.1* 0.1 55 0.0* 0.06 
Test Weight (lb/bu) 55 56.7 1.09 52.8 58.5 57 56.9 0.9 55 56.1* 0.85 
Moisture (%) 55 12.3 0.65 10.9 14.1 57 11.1* 0.6 55 11.8* 0.66 

Interior Interior Interior

Total Damage (%) 15 0.9 0.68 0.1 2.3 8 0.4* 0.3 9 0.2* 0.21 
Heat Damage (%) 15 0.0 0.07 0.0 0.2 8 0.0 0.0 9 0.0 0.00 
Foreign Material (%) 15 1.4 0.49 0.6 2.1 8 1.6 0.4 9 1.2 0.55 
Splits (%) 15 10.3 3.68 3.8 17.9 8 16.1* 3.0 9 6.4* 3.29 
Soybeans of Other Colors (%) 15 0.0 0.00 0.0 0.0 8 0.0 0.0 9 0.0 0.00 
Test Weight (lb/bu) 15 55.7 0.85 53.8 57.5 8 55.7 0.5 9 56.6* 0.63 
Moisture (%) 15 11.7 0.71 10.6 12.8 8 11.2 0.5 9 12.0 0.54 

Lakes Lakes Lakes

Total Damage (%) 15 1.1 0.52 0.4 2.3 5 0.3* 0.2 6 0.6* 0.41 
Heat Damage (%) 15 0.5 0.51 0.0 1.6 5 0.0* 0.0 6 0.1* 0.16 
Foreign Material (%) 15 1.0 0.25 0.7 1.7 5 1.3* 0.2 6 1.6* 0.48 
Splits (%) 15 7.2 2.53 5.2 13.1 5 10.3* 1.9 6 8.1  1.66 
Soybeans of Other Colors (%) 15 0.0 0.03 0.0 0.1 5 0.0 0.0 6 0.0 0.00 
Test Weight (lb/bu) 15 55.9 0.55 54.3 56.6 5 55.6 1.2 6 55.9 0.29 
Moisture (%) 15 13.9 0.40 13.2 14.6 5 13.6 0.5 6 13.1* 0.08 

*Indicates averages were significantly different from 2018/2019, based on a 2-tailed t-test at the 95.0% level of significance.
1The Relative ME for predicting the 2018/2019 U. S. Aggregate export cargo population average exceeded 10%.
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TESTING RESULTS

SUMMARY: CHEMICAL COMPOSITION

 ● Average U.S. Aggregate crude protein 
concentration in 2018/2019 was same as 
2017/2018 (34.4%), with 82% of samples in 
2018/2019 at or above 34.0%. 

 ● Average U.S. Aggregate oil concentration 
was 19.6%, with 84% at 19.0% or higher. 
Average U.S. Aggregate oil concentration 
in 2018/2019 was up 0.6 percentage points 
from 2017/2018 (19.0%).

 ● Average U.S. Aggregate crude fiber 
concentration was 4.8%, lower than 
2017/2018 (4.9%) and was distributed with 
92% at 5.0% or lower.

 ● The Lakes ER had the highest average 
protein concentration and lowest crude 
fiber concentration in all three years, while 
the Gulf ER had the highest average oil 
concentration in all three years.

 ● Among the ERs, the Pacific Northwest 
ER had the lowest crude protein (33.8%) 
and the highest crude fiber concentration 
(5.0%) in all three years.

B. CHEMICAL COMPOSITION
The chemical composition of soybeans 
consists primarily of protein, oil, and 
fiber. These constituents are not grade-de-
termining factors but are of significant 
interest to processors and end users of 
soybeans. Most soybeans consumed world-

wide are processed to obtain soybean meal 
and oil, while the remainder is used as 
whole soybeans for food, feed, and residual 
purposes. Chemical composition concentra-
tions in this report are expressed on a 13% 
moisture basis.
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CRUDE PROTEIN CONCENTRATION

Crude protein concentration is important 
for processing soybeans into soybean meal 
with either 44.0% protein or high protein 
(47.5 to 49.0%).4 High protein varieties 
are often desired when processing for the 
high-protein soybean meal. In addition, 
protein is comprised of amino acids which 
are very important for poultry, swine, and 

aquaculture nutrition. Protein concentra-
tion is also important for the segment of 
the soybean market that deals with various 
food use, such as miso, tofu, natto beans, 
tempeh, and textured vegetable protein. 
Crude protein concentrations in this report 
are expressed on a 13.0% moisture basis. 

RESULTS
 ● The average U.S. Aggregate crude 

protein concentration for the 
2018/2019 soybean export samples 
was 34.4%, same as the 2017/2018 
average, but lower than 2016/2017 
average (34.5%).

 ● The standard deviation was 0.44%, 
with a range of 32.2 to 35.7%.

 ● Crude protein concentrations were 
distributed with 51% at or above 
34.5% and 82% at or above 34.0%.

 ● Among the ERs, the Lakes ER had 
the highest average crude protein 
concentration in 2018/2019 (35.5%). 
This ER also had the highest crude 
protein concentration in 2017/2018 
(35.0%) and in 2016/2017 (35.4%). 
The Pacific Northwest ER had 
the lowest average crude protein 
concentration of the ERs in 2018/2019 
(33.8%), 2017/2018 (34.1%), and in 
2016/2017 (33.8%).

4Trading Rules for the Purchase and Sale of Soybean Meal, National Oilseed Processors Association; Washington, DC, 2015.

CRUDE PROTEIN (%)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg Std Dev
 2016/2017 34.5 0.34
 2017/2018 34.4 0.37
 2018/2019 34.4 0.44
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TESTING RESULTS

Crude protein concentration results by ER 
are presented in the frequency distribu-
tions at the right.

 ● Crude protein was distributed with 
100% of Lakes ER samples at or 
above 35.0%. The Gulf, Interior, and 
Pacific Northwest ERs had 62, 60, and 
9% of samples above 34.5% crude 
protein concentration, respectively. 
Not surprisingly, ERs with high crude 
protein concentrations show more 
samples distributed at higher crude 
protein levels. 

CRUDE PROTEIN BY ER (%)

GULF (N=150)

PACIFIC NORTHWEST (N=55)

INTERIOR (N=15)

LAKES (N=14)

0 0 0 0 0

43

57

Lakes ER (n = 5)

0 1
6

31

43

18

1

Gulf ER (n = 149)

9
15

29

38

9

0 0

Pacific Northwest ER (n = 57)

0 0

7

33

40

20

0

Interior ER (n = 8)
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OIL CONCENTRATION

Oil is an important product obtained from 
soybean processing and is used in many 
food products and numerous industrial 
uses. Soybean oil contains five predom-
inant fatty acids (palmitic, stearic, oleic, 
linoleic, and linolenic). These fatty acids 
affect the nutritional and functional 
properties of the oil. In the 2017/2018 

marketing year, about 58% of soybean oil 
used in the United States was for human 
consumption, while 42% was for industrial 
use. About 79% of the industrial use was 
for biodiesel production, and 21% of the 
industrial use was for other uses.5 Oil con-
centrations in this report are expressed on 
a 13.0% moisture basis. 

RESULTS
 ● The average U.S. Aggregate oil 

concentration for the 2018/2019 
soybean export samples was 19.6%, 
up from the 2017/2018 average 
(19.0%) and the 2016/2017 average 
(19.2%).

 ● The standard deviation was 0.34%, 
with a range of 18.4 to 20.6%.

 ● Oil concentrations were distributed 
with 55% at 19.6% or higher and 84% 
at 19.0% or higher.

 ● Oil concentration averages among 
the ERs were highest for the Gulf 
(19.9%) ER, and lowest for the Pacific 
Northwest (19.0%) and Interior 
(19.2%) ERs. 

5Source: Market View Database, http://marketviewdb.centrec.com/usb3/newjsp/home.jsp, retrieved July 2019.

OIL (%)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(%)

Std Dev 
(%)

 2016/2017 19.2 0.27
 2017/2018 19.0 0.33
 2018/2019 19.6 0.34
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Oil concentration results by ER are 
presented in the frequency distributions  
at the right.

 ● Oil concentrations were distributed 
with 100% of the Lakes ER’s samples 
greater than or equal to 19.0%. The 
Gulf, Interior, and Pacific Northwest 
ERs had 99, 74, and 42% of their 
samples at or above 19.0% oil 
concentration, respectively. Thus, 
the Lakes and Gulf ERs had higher 
percentages of samples at the higher 
oil concentration levels.

OIL BY ER (%)

GULF (N=150)
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 ● Oil concentration versus crude 
protein concentration for the 234 
samples by ER is plotted in the chart 
below. While a moderately negative 
correlation is typically found between 
crude protein and oil in datasets of 
unblended soybean samples, the plot 

shows little to no correlation between 
crude protein and oil for the export 
samples from various ERs. This lack 
of correlation is likely due to the 
effects of the blending as individual 
shipments are aggregated in the 
marketing channel.
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RESULTS
 ● The average U.S. Aggregate crude 

fiber concentration for the 2018/2019 
soybean export samples was 4.8%, 
lower than 2017/2018 and 2016/2017 
(both 4.9%).

 ● The standard deviation was 0.09%, 
with a range of 4.6 to 5.3%.

 ● Crude fiber concentrations were 
distributed with 92% at 5.0% or 
lower.

 ● Average crude fiber concentrations 
were highest for the Pacific Northwest 
(5.0%) and Interior (4.9%) ERs, and 
lowest for the Lakes (4.6%) and Gulf 
(4.8%) ERs. In 2017/2018, average 
crude fiber was also highest for the 
Pacific Northwest ER (5.1%) and 
lowest for the Lakes ER (4.8%).

CRUDE FIBER CONCENTRATION

Crude fiber concentration in soybeans 
can range from about 3.5 to 7.0% (at 13% 
moisture) or 4.0 to 8.0% (on a dry weight 
basis).6 The soybean hull or seed coat is 
about 8.0% of the whole soybean by weight 
and makes up a large percentage of the 
fiber.7 Large-seeded beans tend to have low 
fiber while smaller beans have higher fiber. 
Soybeans are typically dehulled to make 
the high protein (47.5 to 49%) meal with 
3.5% or less fiber (meal crude protein and 

fiber concentrations are reported at 12% 
moisture).8 Whole soybean fiber concen-
trations in this report are expressed on a 
13.0% moisture basis, reflecting typical 
trading standards. 

6Brumm, Thomas, J. “Quality and Grading Factors of IP Soybeans,” in Managing Grain after Harvest; C.J. Bern, T.J. Bern, Eds.; Department of 
Agricultural and Biosystems Engineering, Iowa State University: Ames, IA, 2004.2 USDA GIPSA Grain Inspection Handbook, Book II, Grade 
Grading Procedures.
7Sessa, David J. and Walter J. Wolf. “Bowman-Birk Inhibitors in Soybean Seed Coats.” Industrial Crops and Products 14 (2001) 73-83.
8Trading Rules for the Purchase and Sale of Soybean Meal, National Oilseed Processors Association; Washington, DC, 2006.

CRUDE FIBER (%)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(%)

Std Dev 
(%)

 2016/2017 4.9 0.07
 2017/2018 4.9 0.08
 2018/2019 4.8 0.09
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SUMMARY: CHEMICAL COMPOSITION (13% MOISTURE)
2018/2019 Export 2017/2018 Export 2016/2017 Export

No. of  
Samples Avg.

Std. 
Dev. Min. Max.

No. of 
Samples Avg.

Std. 
Dev.

No. of 
Samples Avg.

Std. 
Dev.

U.S. Aggregate U.S. Aggregate U.S. Aggregate

Crude Protein (%) 234 34.4 0.44 32.2 35.7 219 34.4  0.37 218 34.5* 0.34 
Oil (%) 234 19.6 0.34 18.4 20.6 219 19.0* 0.33 218 19.2* 0.27 
Crude Fiber (%) 234 4.8 0.09 4.6 5.3 219 4.9* 0.08 218 4.9* 0.07 

Gulf Gulf Gulf

Crude Protein (%) 150 34.6 0.41 33.3 35.6 149 34.5* 0.24 148 34.8* 0.30 
Oil (%) 150 19.9 0.33 18.9 20.6 149 19.3* 0.33 148 19.5* 0.20 
Crude Fiber (%) 150 4.8 0.09 4.6 5.1 149 4.9* 0.07 148 4.8* 0.07 

Pacific Northwest Pacific Northwest Pacific Northwest

Crude Protein (%) 55 33.8 0.53 32.2 34.9 57 34.1* 0.71 55 33.8  0.42 
Oil (%) 55 19.0 0.37 18.4 20.5 57 18.3* 0.36 55 18.6* 0.46 
Crude Fiber (%) 55 5.0 0.11 4.7 5.3 57 5.1* 0.12 55 5.1* 0.09 

Interior Interior Interior

Crude Protein (%) 15 34.6 0.42 33.7 35.1 8 34.5  0.43 9 34.1* 0.60 
Oil (%) 15 19.2 0.35 18.8 19.9 8 19.0* 0.31 9 19.1  0.31 
Crude Fiber (%) 15 4.9 0.10 4.7 5.0 8 5.0  0.05 9 4.9  0.07 

Lakes Lakes Lakes

Crude Protein (%) 14 35.5 0.12 35.3 35.7 5 35.0* 0.33 6 35.4  0.15 
Oil (%) 14 19.4 0.09 19.2 19.5 5 18.5* 0.07 6 18.9* 0.13 
Crude Fiber (%) 14 4.6 0.05 4.6 4.7 5 4.8* 0.04 6 4.7* 0.04 

*Indicates averages were significantly different from 2018/2019, based on a 2-tailed t-test at the 95.0% level of significance.
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C. PHYSICAL FACTORS 
The physical factors include seed weight, 
seed volume, and seed true density. 
Tests for these physical factors provide 
additional information about the char-
acteristics of soybeans for various uses. 
These quality attributes are influenced 
by the physical and chemical composition 

of the seed, which is affected by genetics 
and growing conditions. These physical 
factors are not part of the grading factors. 
This is the second year of physical factor 
testing. Therefore, no comparisons to the 
2016/2017 samples can be made. 

SUMMARY: PHYSICAL FACTORS

 ● Average U.S. Aggregate 100-seed weight 
was 16.32 g, with 70% of soybean samples 
at or above 16.00 g.

 ● Average U.S. Aggregate seed volume was 
0.131 cm3, with 62% at 0.130 cm3 or higher.

 ● Average U.S. Aggregate true density was 
1.247 g/cm3 with 44% at 1.245 g/cm3 or 
higher.

 ● Among ERs, the Pacific Northwest had the 
lowest 100-seed weight, the lowest seed 
volume, and highest true density and test 
weight.
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100-seed weight (reported in grams) 
indicates larger soybean seed size as 100-
seed weight increases. Seed size affects 
drying rates. As seed size increases, the 
volume-to-surface-area ratio becomes 
higher. As the ratio gets higher, drying 
becomes slower. In addition, seed weights 
are influenced by seed varieties, growing 
conditions, and particularly the degree of 
plant stress during the seed-filling period.

RESULTS
 ● The average U.S. Aggregate 100-seed 

weight for the 2018/2019 soybean 
export samples was 16.32 g, slightly 
higher than 2017/2018 with 16.22 g.

 ● The standard deviation was 0.68 g, 
with a range of 13.30 to 18.35 g.

 ● 100-seed weights were distributed 
with 70% at or above 16.00 g and 21% 
at or above 17.00 g.

 ● 100-seed weight averages among the 
four ERs were lowest for the Pacific 
Northwest ER (16.24 g) followed 
by the Gulf ER (16.31 g) and higher 
for the Lakes ER (17.62 g) and the 
Interior ER (16.43 g).

100-SEED WEIGHT

100-SEED WEIGHT (g)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(g)

Std Dev 
(g)

 2017/2018 16.22 0.82
 2018/2019 16.32 0.68
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 ● Distribution of samples among ERs 
for 100-seed weights equal to or 
greater than 16.00 g were lowest for 
the Interior with 60% followed by 
the Pacific Northwest ER with 64%. 
The Gulf ER had 70% and the Lakes 
ER had 100% of samples, greater 
than 16.00 g. Thus, the Lakes ER had 
a distribution of higher seed weights 
than the other ERs.

100-SEED WEIGHT BY ER (%)
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SEED VOLUME

Seed volume in cubic centimeters (cm3) is 
often indicative of growing conditions. If 
conditions are dry, seeds may be smaller 
than average. Additionally, small seeds 
with lower volume-to-surface-area ratios 
are typically associated with higher fiber 
concentrations.

RESULTS
 ● The average U.S. Aggregate seed 

volume for the 2018/2019 soybean 
export samples was 0.131 cm3 which is 
similar to 2017/2018 with 0.130 cm3.

 ● The standard deviation was 0.005 cm3, 
with a range of 0.106 to 0.147 cm3.

 ● Seed volumes were distributed with 
62% at 0.130 cm3 or higher and 6% at 
0.140 cm3 or higher. 

SEED VOLUME (cm3)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(cm3)

Std Dev 
(cm3)

 2017/2018 0.130 0.006
 2018/2019 0.131 0.005
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 ● Seed volume averages among the 
ERs were highest in the Lakes ER 
(0.141 cm3) and lowest for the Pacific 
Northwest ER (0.129 cm3). Thus, the 
Pacific Northwest ER had the smallest 
seed size and also the highest crude 
fiber concentration. Small seeds 
would tend to have more surface area 
relative to total volume, which should 
tend to increase fiber.

 ● Average seed volumes varied by less 
than 0.02 cm3 among the ERs.

 ● Distribution of samples among ERs 
for average kernel volumes of 0.130 
cm3 or above were lowest for Pacific 
Northwest and Interior (both 54%), 
followed by Gulf (62%), and highest 
for Lakes ER (100%). This distribution 
indicates a predominance of large 
seed sizes among the Lakes ER.

 ● Soybean seed volume is highly 
correlated to 100-seed weight 
(r=0.98) as shown below, indicating 
seed size increases linearly with 100-
seed weight.
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RESULTS
 ● The average U.S. Aggregate seed true 

density for the 2018/2019 soybean 
export samples was 1.247 g/cm3, which 
was lower than 2017/2018 (1.252 g/
cm3). Similarly, test weight or bulk 
density was also lower in 2018/2019 
than in the previous year by 0.6 lb/bu.

 ● The standard deviation was 0.010 g/cm3, 
with a range of 1.214 to 1.280 g/cm3.

 ● Seed true densities were distributed 
with 15% at 1.260 g/cm3 or higher and 
44% at 1.250 g/cm3 or higher. 

 ● Seed true density averages among the 
four ERs were highest for the Pacific 
Northwest ER (1.258 g/cm3) and the 
Interior ER (1.256 g/cm3) followed by 
Lakes ER (1.252 g/cm3), and lowest for 
the Gulf ER (1.242 g/cm3).

 ● The difference in seed true density 
averages for the ERs was reflected in 
their distributions. The samples for the 
Pacific Northwest ER tended to be on 
the upper end, while the samples for 
the Gulf ER were on the lower end of 
the sample distribution. 

SEED TRUE DENSITY

Seed true density is calculated as the 
weight of a 100-seed sample divided by 
its volume, or displacement, of those same 
100 seeds and is reported as grams per 
cubic centimeter (g/cm3). True density is 
affected by the genetics of the soybean 
variety and the growing environment. True 

density is often a relative indicator of test 
weight. Soybeans with a higher density 
are typically less susceptible to breakage 
in handling than lower density soybeans. 
True densities above 1.25 g/cm3 may indi-
cate hard or denser soybeans, while those 
below tend to be softer or less dense.

SEED TRUE DENSITY (g/cm3)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(g/cm3)

Std Dev 
(g/cm3)

 2017/2018 1.252 0.009
 2018/2019 1.247 0.010
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 ● The number of samples with average 
soybean true densities of 1.250 g/cm3 
or higher were lowest for the Gulf ER 
(23%), followed by Lakes and Interior 
ERs (both 67%). The Pacific Northwest 
ER (91%) had the highest number 
of samples with high true densities. 
This distribution indicates the Pacific 
Northwest ER had more samples with 
higher true densities than the other 
ERs. The Pacific Northwest ER also 
had the highest test weight among the 
ERs. The Gulf ER, which had the lowest 
true densities, also had the lowest test 
weight among the ERs.

 ● Soybean test weight is loosely 
correlated with true density (r=0.64) 
as shown below. Test weight is a 
measure of bulk density, which is 
affected by true density along with 
factors that impact how tightly 
soybeans can be packed such as seed 
size, shape, and texture.
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SUMMARY: PHYSICAL FACTORS
2018/2019 Export 2017/2018 Export

No. of  
Samples Avg.

Std. 
Dev. Min. Max.

No. of 
Samples Avg.

Std. 
Dev.

U.S. Aggregate U.S. Aggregate

100-Seed Weight (g) 235 16.32 0.68 13.30 18.35 219 16.22  0.82 
Seed Volume (cm3) 235 0.131 0.005 0.106 0.147 219 0.130* 0.006 
True Density (g/cm3) 235 1.247 0.010 1.214 1.280 219 1.252* 0.009 

Gulf Gulf

100-Seed Weight (g) 150 16.31 0.53 14.93 18.27 149 16.34  0.69 
Seed Volume (cm3) 150 0.131 0.004 0.119 0.145 149 0.131  0.005 
True Density (g/cm3) 150 1.242 0.011 1.214 1.280 149 1.248* 0.009 

Pacific Northwest Pacific Northwest

100-Seed Weight (g) 55 16.24 1.07 13.30 18.31 57 15.80* 1.16 
Seed Volume (cm3) 55 0.129 0.008 0.106 0.145 57 0.125* 0.009 
True Density (g/cm3) 55 1.258 0.006 1.233 1.267 57 1.259  0.006 

Interior Interior

100-Seed Weight (g) 15 16.43 0.73 15.46 18.03 8 16.81  0.92 
Seed Volume (cm3) 15 0.131 0.005 0.124 0.142 8 0.133  0.008 
True Density (g/cm3) 15 1.256 0.008 1.246 1.274 8 1.263  0.018 

Lakes Lakes

100-Seed Weight (g) 15 17.62 0.43 16.82 18.35 5 16.52* 0.45 
Seed Volume (cm3) 15 0.141 0.003 0.135 0.147 5 0.131* 0.003 
True Density (g/cm3) 15 1.252 0.004 1.246 1.262 5 1.257  0.018 

*Indicates averages were significantly different from 2018/2019, based on a 2-tailed t-test at the 95.0% level 
of significance.
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SUMMARY: ESTIMATED PROCESSED VALUE AND COMPONENT VALUES

 ● The image below demonstrates the 
calculation of EPV using the composition-
based value estimates from the 2018/2019 
export samples. The estimated component 
values and EPV from 2017/2018 and 
2016/2017 are also shown for comparative 
purposes. Base product prices used for 
the EPV calculations were held constant to 
compare results across years. 

 ● The 2018/2019 export samples show 
a higher U.S. Aggregate EPV ($10.15) 
compared to 2017/2018 ($10.08) and 
2016/2017 ($10.12). These differences can 
be attributed to a higher U.S. Aggregate 
oil component value ($3.22) relative to 
2017/2018 ($3.12) and 2016/2017 ($3.16).

The value that can be derived from a 
bushel of soybeans depends on a number 
of factors, but it is largely a function of the 
soybean’s protein1 and oil concentrations. 
To quantify this composition-based value, 
the Estimated Processed Value (EPV) met-
ric sums the estimated values that can be 
derived from the soybean’s oil, protein (in 
the form of soybean meal), and hulls from 
the soybean crushing process to repre-
sent the total value of processed soybeans 
per bushel.2 This section also presents 

estimates for the meal and oil component 
values, which are the values that meal 
and oil individually contribute to EPV. 
These two co-products are the primary 
determinants of EPV, accounting for over 
98% of the average U.S. Aggregate EPV 
in 2018/2019. Soybean hulls, which are a 
high-fiber feed ingredient, also contribute 
to EPV, but their valuation estimates are 
not presented in depth because the hulls 
account for a very small portion of the soy-
bean’s EPV. 

1Crude protein is a proxy for total amino acids, which are what meal end users truly value. Therefore, additional references to crude protein in 
this report implicitly include total amino acids.
21 bushel = 60 pounds (Moisture content of soybeans assumed to be 13%)

U.S. Aggregate 
EPV: $10.15

U.S. Aggregate 
EPV: $10.12†

U.S. Aggregate 
EPV: $10.08†

$6.71 $6.75 $6.75 

$0.22 $0.22 $0.22 

$3.22 $3.12 $3.16 

2018/2019 2017/2018 2016/2017

*Function of estimated meal crude protein (Base $310/ton for 47.5% crude protein) 
†The 2017/2018 and 2016/2017 U.S. Aggregate EPV does not equal the sum of the three component values due to rounding.

Oil Component Value ($/bu)
Oil Yield 

11.5 lb/bu
Oil Price 
28₵/lb = $3.22×

Hull Component Value ($/bu)
Hull Yield 
3.1 lb/bu

Hull Price 
$142/ton = $0.22×

Meal Component Value ($/bu)
Meal Yield 
43.8 lb/bu

Meal Price* 
$306.81/ton = $6.71×
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A. ESTIMATED PROCESSED VALUE
Estimated Processed Value (EPV) is a met-
ric that estimates the value of the three 
co-products of soybean crush (soybean oil, 
soybean meal, and soybean hulls) based 
on the chemical composition of the whole 
soybean. The total value of each co-product 
produced from crushing a bushel of soy-
beans is referred to as a component value. 
The sum of these three component values 
(oil component value, meal component 
value, and hull component value) represents 
the total value of the soybeans per bushel 
after processing. While this combined 
value includes the processor’s margin for 
crushing the soybeans and can vary based 

on regional supply and demand factors, it is 
closely correlated with the cash price farm-
ers receive for their soybeans. 

To compare results across years, the same 
co-product prices were used to calculate 
the component values in each survey. 
Monthly prices published by the USDA Agri-
cultural Marketing Service were averaged 
to obtain the marketing year 2018 average 
prices used for the value estimates.3 The 
prices used for the EPV calculations were: 
oil–$0.28/lb, meal–$310/ton4, and hulls–
$142/ton.5 EPV results in this report are 
presented in dollars per bushel. 

3The marketing year 2018 average prices were computed using monthly prices through May 2019. Monthly prices were sourced from the 
USDA/AMS Central Illinois Soybean Processor Report at the following link: https://www.ams.usda.gov/mnreports/gx_gr117.txt. 
4This USDA/AMS Central Illinois Soybean Processor Report’s soybean meal price is for 48% crude protein. This report assumes a 0.5% 
allowance from this specification leading to the $310/ton price for 47.5% crude protein being used as the base meal price. 
5One ton = 2,000 pounds

https://www.ams.usda.gov/mnreports/gx_gr117.txt
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RESULTS
 ● The average U.S. Aggregate EPV for 

the 2018/2019 samples was $10.15/bu, 
higher than in 2017/2018 ($10.08/bu) 
and 2016/2017 ($10.12/bu). 

 ● The standard deviation of EPV in 
2018/2019 was $0.07/bu, higher than 
in each of the two previous years 
($0.04/bu in both 2017/2018 and 
2016/2017).

 ● The range in EPVs in the 2018/2019 
samples ($0.48/bu) was lower than in 
the 2017/2018 samples ($0.50/bu) but 
higher than in the 2016/2017 samples 
($0.43/bu).

 ● EPV was distributed with 67% of 
the samples at or above $10.13/bu, 
compared to 31% of the samples from 
2017/2018 and 64% of the samples 
from 2016/2017.

 ● Soybeans from the Lakes and Gulf ERs 
had the highest average EPV ($10.23/
bu and $10.20/bu, respectively) 
compared to the Interior, and Pacific 
Northwest ERs, which had average 
EPVs of $10.12, and $10.02/bu, 
respectively. 

 ● Soybeans from the Gulf and Pacific 
Northwest ERs had the greatest 
variability, as indicated by the 
standard deviation of $0.07/bu.

EPV ($/bu)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
($/bu)

Std Dev 
($/bu)

 2016/2017 10.12 0.04
 2017/2018 10.08 0.04
 2018/2019 10.15 0.07
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EPV results by ER are presented in the fre-
quency distributions at the right.

 ● The Lakes ER had the greatest 
proportion of samples with an EPV of 
at least $10.13/bu (100%). The Gulf, 
Interior, and Pacific Northwest ERs 
had 89, 40, and 6% of their samples 
with EPVs at or above $10.13/bu, 
respectively. 

EPV BY ER ($/bu)
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B. OIL COMPONENT VALUE
Oil component value, presented in ($/bu), is 
defined as the value of the soybean oil that 
can be extracted from a bushel of whole 
soybeans. It is calculated by multiplying 
the price of soybean oil by the estimated 
amount of oil yielded by crushing a bushel 
of whole soybeans. This report assumes 
that there were no differences in the qual-
ity of the oil produced by each sample. 
Therefore, the soybean oil price per pound 
is assumed to be constant for all samples. 

Each sample’s oil yield is primarily based 
on its oil concentration within the whole 
soybean, with higher whole soybean oil 
concentrations producing more soybean oil. 

Finally, the estimated oil yields presented 
in this section are dependent on the meth-
ods used to mathematically process whole 
soybean samples. Information about these 
methods is presented in this report’s Value 
Estimation Methods section.
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RESULTS
 ● The U.S. Aggregate estimated oil 

component value for the 2018/2019 
samples was $3.22/bu, higher than in 
2017/2018 ($3.12/bu) and 2016/2017 
($3.16/bu).

 ● The standard deviation of oil 
component values in 2018/2019 was 
$0.06/bu, higher than in 2017/2018 
($0.05/bu) and 2016/2017 ($0.04/bu).

 ● The range in oil component values 
in the 2018/2019 samples ($0.36/
bu) was lower than in the 2017/2018 
samples ($0.49/bu) but close to the 
2016/2017 samples ($0.38/bu).

 ● Oil component values were 
distributed with 53% of samples at or 
above $3.23/bu compared to 5% and 
14% of the 2017/2018 and 2016/2017 
samples at or above the same level, 
respectively. 

 ● Soybeans from the Gulf ER had the 
highest average oil component value 
($3.27/bu) compared to the Lakes, 
Interior, and Pacific Northwest ERs, 
which had average oil component 
values of $3.18, $3.16, and $3.11/bu, 
respectively. 

 ● Oil component value is directly 
related to the estimated oil yield. 
Thus, the higher U.S. Aggregate 
oil component value in 2018/2019 
compared to 2017/2018 and 
2016/2017 can be explained by this 
year’s higher oil yield per bushel (11.5 
lb/bu) relative to 2017/2018 (11.1 lb/
bu) and 2016/2017 (11.3 lb/bu). 

OIL COMPONENT VALUE (lb/bu)
OIL YIELD (%)

EXPORT REGION AVERAGE

U.S. AGGREGATE  
ESTIMATED OIL COMPONENT VALUE (lb/bu)

Percent of Samples by Marketing Year

U.S. AGGREGATE OIL YIELD (%)

Percent of Samples by Marketing Year
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 2016/2017 3.16 0.04 11.3 0.16
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OIL COMPONENT VALUE BY ER ($/bu)
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Oil component value estimates by ER are 
presented in the frequency distributions at 
the right.

 ● The Gulf ER had the greatest 
proportion of samples with oil 
component values of at least $3.23/
bu (81%). The Interior, Pacific 
Northwest, and Lakes ERs had 7, 
6, and 0% of their samples with oil 
component values at or above $3.23/
bu, respectively. 
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Meal component value, presented in ($/bu), 
is defined as the value of the soybean meal 
able to be extracted from a bushel of whole 
soybeans. It is calculated by multiplying 
the amount of meal yielded from crushing 
a bushel of soybeans by the quality-ad-
justed price per ton of the meal produced. 
Unlike oil, the soybean meal estimated to 
be produced from this survey’s samples 
has varying chemical composition. There-
fore, the value of the meal produced by 
each sample is adjusted based on its crude 
protein concentration; the meal with high-
er crude protein concentrations is worth 
more than meal with lower crude protein 
concentrations.

This quality-adjusted pricing makes the 
explanation of meal component value more 
complex than oil component value, which 
is primarily explained by oil yield. For this 
reason, this report will present the results 
of meal crude protein, meal price per ton, 
and meal yield and discuss the influence 
of whole soybean chemical composition on 
these attributes following the summary of 
the meal component value results.

RESULTS
 ● The U.S. Aggregate meal component 

value for the 2018/2019 samples 
was $6.71/bu, slightly lower than 
in 2017/2018 and 2016/2017 (both 
$6.75/bu).

 ● The standard deviation of meal 
component values in 2018/2019 
($0.04/bu) was lower than in 
2017/2018 ($0.05/bu), but the  
same as in 2016/2017.

 ● Meal component values were 
distributed with 43% at or above 
$6.73/bu compared to 71% of the 
2017/2018 samples and 75% of the 
2016/2017 samples at or above the 
same level.

C. MEAL COMPONENT VALUE

MEAL COMPONENT VALUE ($/bu)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
($/bu)

Std Dev 
($/bu)

 2016/2017 6.75 0.04
 2017/2018 6.75 0.05
 2018/2019 6.71 0.04
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MEAL COMPONENT VALUE BY ER ($/bu)
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 ● Soybeans from the Lakes ER had the 
highest average meal component 
value ($6.83/bu) compared to the 
Interior, Gulf, and Pacific Northwest 
ERs, which had average meal 
component values of $6.75, $6.71,  
and $6.70/bu, respectively.

Meal component value results by ER are 
presented in the frequency distributions at 
the right.

 ● The Lakes ER had the greatest 
proportion of samples with meal 
component values of at least $6.73/bu 
(100%). The Interior, Gulf, and Pacific 
Northwest ERs had 66, 40, and 31% of 
their samples with meal component 
values at or above this same number, 
respectively. 
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MEAL CRUDE PROTEIN, MEAL 
PRICE, AND MEAL YIELD

Whole soybean chemical composition 
impacts the sample’s estimated meal yield 
along with the quality-adjusted price per 
ton of the meal produced by the sample. 
Meal yield, expressed in pounds per bushel, 
is primarily dependent on the sample’s 
whole soybean oil concentration. Samples 
with higher whole soybean oil concentra-
tions will have lower meal yields since 
the residual product after oil extraction is 
what ends up as meal. 
In this report, meal price per ton is solely 
based on the meal’s crude protein con-
centration (at 12% moisture), which is 
dependent on the whole soybean’s crude 
protein and oil concentrations. All else 
being equal, higher whole soybean crude 
protein leads to higher meal crude protein 
and meal price. The whole soybean’s oil 
concentration also influences meal price. 
Higher whole soybean oil leads to higher oil 
yields. As more oil is extracted during the 
crushing process, the concentrations of the 
remaining constituents (including the crude 
protein) increase. For this reason, a whole 
soybean with high oil will produce a higher 
value meal compared to a whole soybean 
with lower oil and similar crude protein.
The estimated meal yields and meal prices 
presented in this section are dependent on 
the methods used to mathematically pro-
cess whole soybean samples. Information 
about these methods is presented in this 
report’s Value Estimation Methods section. 
A description of the value adjustments 
applied to the meal based on crude protein 
is also presented in this section. 

MEAL CRUDE PROTEIN (%)
MEAL PRICE ($/ton)

EXPORT REGION AVERAGE

U.S. AGGREGATE MEAL CRUDE PROTEIN (%)

Percent of Samples by Marketing Year

U.S. AGGREGATE MEAL PRICE ($/TON)

Percent of Samples by Marketing Year

Crude Protein Price
Avg 
(%)

Std Dev 
(%)

Avg 
($/ton)

Std Dev 
($/ton)

 2016/2017 46.4 0.50 306.36 1.63
 2017/2018 46.0 0.50 305.04 1.62
 2018/2019 46.5 0.74 306.79 2.41
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Notable observations of the meal price and 
meal yield estimates include:

 ● The 2018/2019 samples produced 
meal with an average value of 
$306.79/ton, higher than in 2017/2018 
($305.04/ton) and similar to 
2016/2017 ($306.36/ton).

 ● The 2018/2019 samples had a lower 
meal yield (43.8 lb/bu) than the 
2017/2018 samples (44.2 lb/bu) and 
the 2016/2017 samples (44.1 lb/
bu). This is primarily due to higher 
estimated oil yields in 2018/2019 (11.5 
lb/bu) compared to 2017/2018 (11.1 
lb/bu) and 2016/2017 (11.3 lb/bu).

MEAL YIELD (lb/bu)

EXPORT REGION AVERAGE

U.S. AGGREGATE

Percent of Samples by Marketing Year

Avg 
(lb/bu)

Std Dev 
(lb/bu)

 2016/2017 44.1 0.20
 2017/2018 44.2 0.24
 2018/2019 43.8 0.25
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 ● Shown below are average meal yield, 
meal price, and meal component value 
by ER. Note that the Lakes ER had the 
highest meal component value ($6.83/
bu) of the four ERs. This ER had the 
highest whole soybean crude protein 
concentration (35.5%), which has a 
positive impact on this ER’s estimated 
meal crude protein and meal price. 

 ● Conversely, the Gulf ER has the lowest 
meal yield (43.5 lb/bu) of the ERs 
and the highest whole soybean oil 
concentration (19.9%). 
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SUMMARY: VALUATION ESTIMATES
2018/2019 Export 2017/2018 Export 2016/2017 Export

No. of  
Samples Avg.

Std. 
Dev. Min. Max.

No. of 
Samples Avg.

Std. 
Dev.

No. of 
Samples Avg.

Std. 
Dev.

U.S. Aggregate U.S. Aggregate U.S. Aggregate

EPV ($/bu) 234 10.15 0.07 9.87 10.35 219 10.08* 0.04 218 10.12* 0.04
Oil Component Value ($/bu) 234 3.22 0.06 3.02 3.38 219 3.12* 0.05 218 3.16* 0.04
Oil Yield (lb/bu) 234 11.5 0.20 10.8 12.1 219 11.1* 0.19 218 11.3* 0.16
Meal Component Value ($/bu) 234 6.71 0.04 6.53 6.85 219 6.75* 0.05 218 6.75* 0.04
Meal Crude Protein (12% Moisture) 234 46.5 0.74 43.1 48.7 219 46.0* 0.50 218 46.4* 0.50
Meal Price ($/ton) 234 306.79 2.41 295.51 313.95 219 305.04* 1.62 218 306.36* 1.63
Meal Yield (lb/bu) 234 43.8 0.25 43.0 44.7 219 44.2* 0.24 218 44.1* 0.20

Gulf Gulf Gulf

EPV ($/bu) 150 10.20 0.07 9.97 10.35 149 10.12* 0.04 148 10.18* 0.04
Oil Component Value ($/bu) 150 3.27 0.05 3.10 3.38 149 3.16* 0.05 148 3.20* 0.03
Oil Yield (lb/bu) 150 11.7 0.19 11.1 12.1 149 11.3* 0.19 148 11.4* 0.12
Meal Component Value ($/bu) 150 6.71 0.04 6.62 6.80 149 6.74* 0.03 148 6.76* 0.03
Meal Crude Protein (12% Moisture) 150 47.0 0.72 44.5 48.7 149 46.3* 0.34 148 46.9  0.45
Meal Price ($/ton) 150 308.33 2.35 300.24 313.95 149 306.09* 1.10 148 308.18  1.46
Meal Yield (lb/bu) 150 43.5 0.25 43.0 44.3 149 44.0* 0.24 148 43.9* 0.15

Pacific Northwest Pacific Northwest Pacific Northwest

EPV ($/bu) 55 10.02 0.07 9.87 10.29 57 9.97* 0.07 55 9.98* 0.06
Oil Component Value ($/bu) 55 3.11 0.06 3.02 3.36 57 3.00* 0.06 55 3.05* 0.07
Oil Yield (lb/bu) 55 11.1 0.22 10.8 12.0 57 10.7* 0.21 55 10.90* 0.27
Meal Component Value ($/bu) 55 6.70 0.05 6.53 6.79 57 6.76* 0.08 55 6.71  0.05
Meal Crude Protein (12% Moisture) 55 45.2 0.84 43.1 47.8 57 45.1  0.91 55 44.9* 0.61
Meal Price ($/ton) 55 302.62 2.74 295.51 310.98 57 302.12  2.98 55 301.63* 1.98
Meal Yield (lb/bu) 55 44.2 0.27 43.2 44.7 57 44.7* 0.26 55 44.5* 0.34

Interior Interior Interior

EPV ($/bu) 15 10.12 0.06 10.03 10.22 8 10.09  0.04 9 10.06* 0.07
Oil Component Value ($/bu) 15 3.16 0.06 3.08 3.27 8 3.11* 0.05 9 3.13  0.05
Oil Yield (lb/bu) 15 11.3 0.20 11.0 11.7 8 11.1* 0.18 9 11.2  0.18
Meal Component Value ($/bu) 15 6.75 0.05 6.65 6.83 8 6.76  0.05 9 6.71  0.06
Meal Crude Protein (12% Moisture) 15 46.4 0.64 45.4 47.4 8 46.2  0.51 9 45.7* 0.84
Meal Price ($/ton) 15 306.42 2.08 303.25 309.84 8 305.64  1.68 9 304.00* 2.76
Meal Yield (lb/bu) 15 44.1 0.26 43.6 44.4 8 44.3* 0.23 9 44.2  0.23

Lakes Lakes Lakes

EPV ($/bu) 14 10.23 0.02 10.20 10.25 5 10.08* 0.03 6 10.17* 0.02
Oil Component Value ($/bu) 14 3.18 0.01 3.14 3.20 5 3.03* 0.01 6 3.11* 0.02
Oil Yield (lb/bu) 14 11.3 0.05 11.2 11.4 5 10.8* 0.04 6 11.1* 0.07
Meal Component Value ($/bu) 14 6.83 0.01 6.81 6.85 5 6.84  0.03 6 6.85* 0.02
Meal Crude Protein (12% Moisture) 14 47.8 0.18 47.5 48.0 5 46.5* 0.45 6 47.3* 0.23
Meal Price ($/ton) 14 310.91 0.59 309.97 311.70 5 306.58* 1.48 6 309.47* 0.75
Meal Yield (lb/bu) 14 44.0 0.07 43.9 44.1 5 44.6* 0.05 6 44.3* 0.09

*Indicates averages were significantly different from 2018/2019, based on a 2-tailed t-test at the 95.0% level of significance.
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A. OVERVIEW
The key points of the survey design, 
sampling, and statistical analysis for the 
2018/2019 Soybean Export Quality Report 
entail the following:

 ● Samples were proportionately 
stratified (as explained below) 
according to ERs: the Gulf, the 
Interior, the Lakes, and the Pacific 
Northwest. 

 ● The report was designed to achieve 
no more than a 10% Relative ME for 
the U.S. Aggregate level and to ensure 
proportionate sampling from each 
ER. The number of samples targeted 
from each ER was based on each 
ER’s three-year average proportion 
of total U.S. soybean exports. A 
target of 220 samples was used to 
determine the baseline number of 
samples to collect from each ER, with 
the minimum number of samples to 
collect from each ER set at 15. This 
new criterion for a minimum number 
of targeted samples only impacted 
the Interior and Lakes ERs, which 
would have required nine and four 
samples, respectively. Based on the 
220 samples, the Gulf and Pacific 
Northwest ERs required 149 and 58 
samples, respectively.

 ● The weighted average and standard 
deviation, based on the sampling 
weights, were calculated for the U.S. 
Aggregate for each quality attribute.

 ● Interior ER samples were provided 
by the USDA FGIS-designated official 
agencies that inspect and grade rail 
shipments of soybeans destined for 
export to Mexico. Pacific Northwest 
and Gulf samples were collected by 
FGIS field offices in the respective 
ERs, while the Lakes samples were 
collected by the FGIS field office in 
Toledo, Ohio.

 ● The Relative ME was calculated for 
each of the quality attributes at the 
U.S. Aggregate level to evaluate the 
statistical validity of the number of 
samples surveyed. The Relative ME 
for each of the quality factor results 
was not more than 10% at the U.S. 
Aggregate level, except for heat 
damage and soybeans of other colors. 
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B. SURVEY DESIGN AND SAMPLING

SURVEY DESIGN

The Soybean Export Quality Report 
employed a proportionate, stratified 
sampling technique to ensure a sound sta-
tistical sampling of U.S. soybean exports. 
The stratification of the population to be 
sampled involves dividing the survey popu-
lation of interest into subpopulations called 
strata. For this report, the key soybean-ex-
porting areas in the United States are 
divided into four geographical groupings 
or strata, which are referred to as Export 
Regions (ERs). These four areas are: 

 ● The Gulf ER includes the ports of New 
Orleans, Louisiana; League City, Texas; 
and other nearby ports;

 ● The Interior ER includes the areas that 
generally export soybeans by rail to 
Mexico;

 ● The Lakes ER includes the ports 
around the Great Lakes area; and

 ● The Pacific Northwest ER includes 
the ports of Olympia, Washington and 
Portland, Oregon. 

Each ER’s three-year average propor-
tion of total U.S. soybean exports (from 
2015/2016 to 2017/2018) was calculated 
using data from FGIS’s Export Grain 
Information System (EGIS). This average 
share of exports was used to determine 
the sampling proportion (the percent of 
total samples per ER), and ultimately, the 
number of soybean samples to be collected 
from each ER.

The number of samples collected from each 
ER was established so the survey could 
estimate the true averages of the grade 
and chemical composition factors with a 
certain level of precision. The level of pre-
cision chosen for the survey was a Relative 
ME of not more than 10%. A Relative ME 
of 10% is a reasonable target for biological 
data such as soybean quality factors. 

To determine the number of samples for 
the targeted Relative ME, variance esti-
mates from the 2016/2017 and 2017/2018 
Soybean Export Quality Reports were used 
as proxies for the variability of the quality 
factors in the 2018/2019 soybean exports. 
Based on these previous reports, a total 
sample size of 220 would allow for the 
true averages of the quality characteristics 
to be estimated with the desired level of 
precision for the U.S. Aggregate. The excep-
tions most likely would be foreign material, 
heat damage, total damage, and soybeans 
of other colors. 

Applying the sampling proportions previ-
ously defined to 220 resulted in a baseline 
number of targeted samples for each ER. 
A new criterion was added to this year’s 
report to require a minimum of 15 samples 
collected from each ER. A minimum of 15 
samples would provide additional infor-
mation of the true averages of the quality 
characteristics for the Interior and Lakes 
ERs, which would have required nine and 
four samples, respectively based on their 
proportion of total exports. This additional 
criterion brought the total number of tar-
geted samples to 237. 
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SAMPLING

The sampling process was administered by 
FGIS and participating official service pro-
viders as part of their inspection services. 
The FGIS field offices in the respective 
ERs responsible for overseeing the sample 
collection within their region were as fol-
lows: Gulf–New Orleans, Louisiana; Pacific 
Northwest–Olympia, Washington (Wash-
ington State Department of Agriculture); 
Interior–FGIS Domestic Inspection Oper-
ations Office in Kansas City, Missouri; and 
Lakes–Toledo, Ohio.

For each sample, approximately 1,000 grams 
were collected by FGIS field staff, Interior 
ER official service providers, or the Wash-
ington State Department of Agriculture. The 
samples were assembled at the field offices 
and mailed to the USDA National Grain Cen-
ter in Kansas City, Missouri.

In total, 235 samples were collected and 
tested for the report. One additional sam-
ple, above the targeted number of 149, was 
collected and tested from the Gulf ER. In 
addition, 55 samples were collected from 
the Pacific Northwest ER instead of the 
targeted 58. Nonetheless, the U.S. Aggre-
gate averages for the quality factors were 

weighted according to the sampling pro-
portion by ER and not the actual number of 
samples collected. The decision was made 
to not request replacement samples from 
the Pacific Northwest ER due to the timing 
of the sampling and the fact that the esti-
mated U.S. Aggregate averages were within 
the desired level of precision for all quality 
factors excluding heat damage and soy-
beans of other colors. A final note is that six 
samples received from the Gulf ER did not 
contain test weight results from FGIS and 
one sample received from the Lakes ER was 
too small for chemical composition analysis. 
These samples were included in the report 
without this quality factor information. 

C. STATISTICAL ANALYSIS
The sample test results for the grade 
factors, test weight, moisture content, 
chemical composition, physical factors, and 
value estimates were summarized for the 
U.S. Aggregate and by the four ERs. The 
Relative ME was calculated for each of the 
quality factors tested for this study at the 
U.S. Aggregate level. The Relative ME was 

not more than 10% for each of the quality 
attributes at the U.S. Aggregate level except 
for heat damage and soybeans of other col-
ors as shown below. 

Relative ME
Heat  

Damage
Soybeans of 
Other Colors

23% 71%

SAMPLES RECEIVED BY EXPORT REGION

PACIFIC
NORTHWEST

LAKES
INTERIOR

GULF

15

55

15

150
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FGIS or FGIS-designated official service 
providers provided official grading results 
from their normal inspection and testing 
procedures for each sublot of soybean sam-
ples collected. 

The FGIS field offices/inspection offices 
provided the grade factors (total and heat 
damage, foreign material, splits, and soy-
beans of other colors), and also test weight 
and moisture content testing for the soy-
bean export samples. Descriptions for the 
grade factors testing procedures are based 
on the GIPSA FGIS Grain Inspection Hand-
book II, Grain Grading Procedures (2013).

Approximately 2.2 lbs (1,000 g) of the 
soybean export samples were sent from 
the FGIS field offices/inspection offices to 
the USDA National Grain Center in Kansas 
City, Missouri, for the chemical composition 
(crude protein, oil, and crude fiber) testing. 
After this chemical composition testing, 
the full set of samples was then sent to the 
Illinois Crop Improvement Association’s 
Identity Preserved Grain Laboratory (IPG 
Lab) in Champaign, Illinois, for the physical 
factor testing (including 100-seed weight, 
seed volume, and true density). IPG Lab 
has received accreditation under the ISO/
IEC 17025:2005 International Standard for 
many of the tests. The full scope of accred-
itation is available at http://www.ilcrop.
com/labservices.

A. GRADE FACTORS

TOTAL DAMAGE

Total damage is part of the FGIS Official 
U.S. Standards for Grains grading criteria.

It is a measure of the soybeans and pieces 
of soybeans that are materially damaged. 
FGIS states in general, a soybean is consid-
ered damaged for inspection and grading 
purposes only when the damage is dis-
tinctly apparent and of such character as to 
be recognized as damaged for commercial 
purposes. 

The total damage test involves determin-
ing the amount of damaged kernels on a 
portion of 125 grams after the removal of 
foreign material. A smaller portion size 
(approximately 60 grams) may be used 
to determine damaged kernels if a sam-
ple contains approximately 50% or more 
of whole soybeans that pass through a 
10/64th-inch oblong-hole sieve. Total dam-
age is recorded on the certificate to the 
nearest tenth percent. 
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HEAT DAMAGE

Heat damage is a subset of total damage. 
Heat damage is a measure of soybeans and 
pieces of soybeans which are materially 
discolored and damaged by heat. 

Heat damage is part of the FGIS Official U.S. 
Standards for Grains grading criteria.

The heat damage test involves determin-
ing heat-damaged kernels on a portion of 
125 grams after the removal of foreign 
material. Heat damage is recorded on the 
certificate to the nearest tenth percent.

FOREIGN MATERIAL

Foreign material is defined by FGIS as all 
matter that passes through an 8/64th-inch 
round-hole sieve and all matter other than 
soybeans remaining in the sieved sample 
after sieving according to procedures 
prescribed in FGIS instructions. Foreign 
material consists of coarse foreign material 
and fine foreign material. 

Foreign material is part of the FGIS Official 
U.S. Standards for Grains grading criteria.

The coarse foreign material test involves 
handpicking a 1,000–1,050-gram portion 
for coarse foreign material. Next, the 
remaining sample which is free of coarse 
foreign material is split down to a por-
tion of 125 grams. The 125-gram sample 
is sieved using an approved shaker or 
8/64th-inch round-hole hand sieve (using 5 

strokes). The material other than soybeans 
is handpicked from the material remaining 
on the 8/64th-inch sieve and added to the 
fine foreign material fraction. Soybean 
hulls which remain on the 8/64th-inch sieve 
are not considered foreign material. An 
8/64 × 3/4 in. (3.175 × 19.050 mm) or 9/64 
× 3/4 in. (3.572 × 19.050 mm) oblong-hole 
sieve, or 10/64 × 3/4 in. (3.969 × 19.050 
mm) the oblong-hole sieve may be mounted 
on top of the 8/64th-inch round-hole sieve 
and used as an aid in separating splits. 
Foreign material in soybeans is computed 
by adding the percentage of coarse foreign 
material to the percentage of fine foreign 
material in hundredths, and the sum is 
rounded to the nearest tenth percent. For-
eign material is recorded on the certificate 
to the nearest tenth percent.

SPLITS

Splits are defined by FGIS as soybeans with 
more than one-fourth of the bean removed 
and that are not damaged. 

Splits are a part of the FGIS Official U.S. 
Standards for Grains grading criteria.

Splits are determined on a portion of 125 
grams after the removal of foreign mate-
rial. A smaller portion size (approximately 
60 grams) may be used if the soybeans are 
so small that 50% or more of the whole 
soybeans pass through a 10/64th-inch 
oblong-hole sieve.
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An 8/64 × 3/4-inch (3.175 × 19.050 mm), 
9/64 × 3/4-inch (3.572 × 19.050 mm) 
oblong-hole or 10/64 × 3/4-inch (3.969 × 
19.050 mm) oblong-hole hand sieve may 
be used to separate splits. These oblong 
sieves are used in conjunction with the 
8/64th-inch round-hole sieve to determine 
foreign material. 

Since all splits are not separated by siev-
ing, the material remaining on top of the 

sieve and the material that passed through 
the sieve is also examined for splits. Since 
splits are normally separated during the 
determination of foreign material, the 
weight of the foreign material is subtracted 
from the weight of the representative por-
tion before calculating the percentage of 
splits. Splits are recorded on the certificate 
to the nearest tenth percent.

SOYBEANS OF OTHER COLORS

Soybean Class is determined by presence 
or absence of soybeans of other colors 
which includes soybeans that have green, 
black, brown, or bicolored seed coats. The 
Soybean Classes are Yellow Soybeans or 
Mixed Soybeans. Yellow Soybeans can 
have no more than 10.0% of soybeans of 
other colors. If the sample exceeds 10.0% 
of soybeans of other colors, the sample is 
categorized as Mixed Soybeans.

Soybeans of other colors are a part of the 
FGIS Official U.S. Standards for Grains 
grading criteria.

The percent of soybeans of other colors 
is determined from 125 grams after the 
removal of foreign material. 

For Mixed Soybeans, the percent of Yellow 
Soybeans and soybeans of other colors is 
recorded in the “Remarks” section of the 
certificate to the nearest tenth percent. 
When not a mixture, the percent of soy-
beans of other colors is recorded in the 
appropriate factor results section of the 
certificate to the nearest tenth percent.

B. TEST WEIGHT
Test weight is a measure of bulk density 
or the weight of grain contained in a Win-
chester bushel (2,150.42 cubic inches). Test 
weight is determined using an approved 
device (quart kettle) according to proce-
dures prescribed in FGIS instructions. 

Test weight is not part of the FGIS Official 
U.S. Standards for Grain grading criteria.

Test weight is determined before removal 
of foreign material by funneling soybeans 

from a drop height of 2 inches (5.1 cm) 
into a quart cup and weighing the sample 
contained after striking the cup off to 
level full. Unless an applicant specifically 
requests that test weight determination 
not be performed, official personnel must 
perform test weight analysis and certify 
the results as part of official grading ser-
vices for all types (e.g. submitted samples, 
shiplots, lash barges, unit trains) of inspec-
tion services.



2018/2019 SOYBEAN EXPORT QUALITY REPORT 51

 TESTING ANALYSIS METHODS

Test weight results are recorded to the 
nearest tenth of a pound. If requested, the 
pounds per bushel (lb/bu) may be con-

verted to kilograms per hectoliter (kg/hl) 
by multiplying lb/bu × 1.287 to give units 
of kg/hl.

C. MOISTURE
Moisture is a measure of the amount of 
water contained in the grain. Moisture is 
not part of the FGIS Official U.S. Standards, 
but is routinely done and reported on the 
grading certificates.

The moisture test involves using a FGIS-ap-
proved electronic moisture meter (such as 
a DICKEY-john GAC 2500-UGMA or Perten 

AM5200-A) before the removal of foreign 
material on a portion of approximately 650 
grams. Electronic moisture meters sense 
an electrical property of grains, called the 
dielectric constant that varies with mois-
ture. The dielectric constant increases as 
moisture content rises. Moisture is reported 
on the certificate as a percent of total wet 
weight and to the nearest tenth percent.

D. CHEMICAL COMPOSITION

NEAR-INFRARED TRANSMITTANCE (NIRT) SPECTROSCOPY

The chemical composition (crude protein, 
oil, and crude fiber concentrations) of the 
soybeans was measured using near-infra-
red transmittance (NIRT) spectroscopy. 
NIRT uses unique interactions of specific 
wavelengths of light with each sample. 
It is calibrated to traditional chemistry 
methods, to predict the concentrations of 
oil, crude protein, and crude fiber in the 
sample. This procedure is nondestructive 

to the grain. Chemical composition tests 
for crude protein, oil, and crude fiber were 
conducted using a 550- to 600-gram sam-
ple in a whole-kernel Foss Infratec 1241 
NIRT instrument. Results are reported on a 
13.0% moisture basis to the nearest tenth 
percent.
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E. PHYSICAL FACTORS

100-SEED WEIGHT, SEED VOLUME, AND SEED TRUE DENSITY

The 100-seed weight is determined from 
the average weight of two 100-seed rep-
licates using an analytical balance that 
measures to the nearest 0.1 mg. The aver-
aged 100-seed weight is reported in grams.

The seed volume for each 100-seed replicate 
is calculated using a helium pycnometer and 
is expressed in cubic centimeters (cm3) per 
seed. Soybean seed volumes usually range 
from 0.10-0.20 cm3 per seed for small and 
large seeds, respectively.

True density of each 100-seed sample is 
calculated by dividing the mass (or weight) 
of the 100 externally sound seeds by the 
volume (displacement) of the same 100 
seeds. The two replicate results are aver-
aged. True density is reported in grams per 
cubic centimeter (g/cm3). True densities 
typically range from 1.20 to 1.30 g/cm3 at 
“as is” moistures of about 12 to 14%.

F. VALUE ESTIMATION METHODS
The three co-products produced when a 
soybean is crushed are soybean oil, soy-
bean meal, and soybean hulls. If the prices 
and yields were known for each of these 
co-products, the calculation of soybean 
value would be a straightforward calcu-
lation with no estimation required. As 
shown in the image below, the value of each 

co-product (or component value) is simply 
the price of the co-product produced mul-
tiplied by the amount of the co-product 
produced when the soybean is crushed. 
The sum of these three component values 
is called the Estimated Processed Value 
(EPV) and represents the total value of the 
soybean after it is crushed. 

ESTIMATED PROCESS VALUE ($/BU)

EPV ($/bu)

Oil Component Value

Price

Quantity
Value

Meal Component Value

Price

Quantity
Value

Hull Component Value

Price

Quantity
Value
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1USB’s EPV algorithm was based on the following article: Brumm, Thomas & Hurburgh, Charles. (1990). Estimating the Processed Value of 
Soybeans. Journal of Oil & Fat Industries. 67. 302-307. 10.1007/BF02539680.
2Assumes constant whole soybean crude fiber. 

Without actually crushing the soybeans 
and selling the resulting co-products, how-
ever, multiple inputs necessary to calculate 
the component values must be estimated 
based on the chemical composition of the 
whole soybeans. The inputs that need to 

be estimated included the resulting yields 
of each co-product and the quality-based 
price of the soybean meal. The next two 
sections describe the methods used to esti-
mate the inputs necessary to make these 
value calculations. 

VIRTUAL SOYBEAN PROCESSING

Since soybean value is determined by the 
value of the co-products produced when 
processed, the co-product yields and the 
crude protein concentration of the result-
ing meal must be estimated based on 
whole soybean chemical composition. In 
this report, each sample was virtually or 
mathematically processed with USB’s Vir-
tual Processing Application (VPA).1 Using 
the crude protein and oil of each sample, 
this algorithm estimates yields for each of 
the three soybean co-products (soybean 
oil, soybean meal, and soybean hulls) and 
crude protein of the resulting meal subject 
to the requirement that the meal produced 
by each sample would contain exactly 3.5% 
crude fiber.

Soybean processors can vary the removal 
rate of soybean hulls, which are high in 
fiber, prior to the actual crushing of the 
soybean. This allows the processor to 
slightly manipulate the chemical compo-
sition of the resulting meal. For example, 
removing more soybean hulls prior to 
crush reduces the crude fiber concentra-
tion in the resulting meal. Reducing the 
concentration of one constituent increases 
the relative concentrations of the other 

constituents. Therefore, removing more (or 
less) soybean hulls prior to the actual crush 
of the whole soybean leads to a higher (or 
lower) crude protein concentration in the 
resulting meal. The virtual processing 
technique utilized for this report adjusts 
the soybean hull removal rate when pro-
cessing each sample to achieve a constant 
3.5% crude fiber concentration in the 
resulting meal.2 This meal crude fiber tar-
get was chosen for this report because it is 
a common target for the processing indus-
try. The hull removal rate varies solely 
according to the oil yield. This results in 
only minor differences in the amount of 
hulls removed when virtually processing 
the samples. 

Soybean oil yield is primarily determined 
by the whole soybean’s oil concentration. 
However, the meal and hulls produced 
during the crushing process will contain a 
small amount of oil. Given that some oil will 
be included in these co-products, the cal-
culations made by this model amounted to 
97.7% of the total amount of oil contained 
in the whole soybeans being extracted as 
oil in all 234 samples with chemical compo-
sition results. 
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TESTING ANALYSIS METHODS

SOYBEAN MEAL VALUATION

Meal values for each sample were deter-
mined by adjusting a base price of $310/ton 
for 47.5% meal crude protein according to 
the sample’s estimated meal crude protein 
concentration. The price adjustment for 
meal above or below 47.5% crude protein 
was based on a percentage of the price per 
percent of protein (PPP) in the base meal. 
In this report, the calculation of the PPP is 
shown below:

$310/47.5% protein = $6.53/% protein

The PPP adjustment factor used in this 
report was 50%. Based on industry feed-
back and models that estimate feed value 
based on meal amino acid concentrations, 

this adjustment factor was deemed to be 
an appropriate approximation of the indus-
try’s true price adjustments. An example of 
this adjustment being applied to meal with 
45.5% crude protein is illustrated below: 

45.5% meal crude protein is 2.0% lower than 
the base meal crude protein of 47.5%. 

Base Price of 47.5% Meal:  
$310 – ($6.53 × 2 × 50%) = $303.47 (Adjusted 

price for 45.5% meal crude protein) 

The chart below displays the adjusted meal 
price ($/ton) for varying levels of meal 
crude protein with the values for 45.5% 
and 47.5% meal crude protein highlighted.

MEAL PRICE ADJUSTMENTS 
BY MEAL CRUDE PROTEIN PERCENT
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Soybean Meal Price Adjustments by Meal Crude 
Protein Percent

Base Meal Price
47.5% = $310.00/ton

Actual Meal Protein
45.5% = $303.47/ton

A PRICE PER % OF CRUDE PROTEIN
Base Meal Price ÷ 47.5%

$310/ton ÷ 47.5% = $6.53

ADJUSTED MEAL PRICE
Base Meal Price - (A × B × Adjustment Factor)

$310 - ($6.53 × 2 × 50%) = $303.47
C

CRUDE PROTEIN DIFFERENCE
Base Meal Crude Protein - Actual Meal Crude Protein

47.5% - 45.5% = 2 Percentage Points
B



U.S. SOYBEAN GRADE & REQUIREMENTS
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U.S. Sample Grade: U.S. Sample Grade is soybeans that:
(a) Do not meet the requirements for grades U.S. No. 1, 2, 3, or 4; or (b) 
Contains 4 or more stones which have an aggregate weight in excess of  
0.1 percent of the sample weight, 1 or more pieces of glass, 3 or more 
crotalaria seeds (Crotalaria spp.), 2 or more castor beans (Ricinus communis 
L.), 4 or more particles of an unknown foreign substance(s) or a commonly 
recognized harmful or toxic substance(s), 10 or more rodent pellets, bird 
droppings, or an equivalent quantity of other animal filth in 1,000 grams 
of soybeans, or (c) Contain 11 or more animal filth, castor beans, crotalaria 
seeds, glass, stones, or unknown foreign substance(s) in any combination, or 
(d) Have a musty, sour, or commercially objectionable foreign odor (except 
garlic odor); or (e) Are heating or otherwise of distinctly low quality. 

1Disregard for Mixed Soybeans

Source: FGIS Grain Inspection Handbook, Book II, Chapter 10 – Soybeans, 2013

U.S. SOYBEAN GRADES AND GRADE REQUIREMENTS

Maximum Limits of
Damaged Kernels

Grade
Total 

(Percent)

Heat 
(part of total) 

(Percent)

Foreign 
Material 
(Percent)

Splits 
(Percent)

Soybeans of 
Other Colors1 

(Percent)

U.S. No. 1 2.0 0.2 1.0 10.0 1.0

U.S. No. 2 3.0 0.5 2.0 20.0 2.0

U.S. No. 3 5.0 1.0 3.0 30.0 5.0

U.S. No. 4 8.0 3.0 5.0 40.0 10.0



CORE VALUE
The United Soybean Board works with honesty 
and integrity to achieve maximum value for the 
U.S. soybean farmer’s checkoff investments.

MISSION
Maximize profit opportunities for 
U.S. soybean farmers by investing and leveraging 
soybean checkoff resources.

VISION
U.S. soy drives soybean innovation 
beyond the bushel.

STRATEGY
Create and enhance partnerships that increase 
the value and preference for U.S. soy.

United Soybean Board
16305 Swingley Ridge Rd, Suite 150
Chesterfield, MO 63017

Phone: 800.989.USB1 (8721)
Fax: 636.530.1560

usb website here.com

“Honesty, Integrity,  
Maximum Value”

http://here.com

