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Composition studies that assess similarities and differences in levels of nutrients, anti-nutrients, and secondary
metabolites are an essential part of the safety assessment of new crop varieties that are used as food and feed. It is
important to understand the purpose of the data and its context in the safety assessment. The Crop Composition
Database (CCDB) is a publicly available resource of composition data with application in comparative compo-
sitional assessment of genetically modified crops, informing healthy diets for livestock, and improving knowl-
edge of global datasets related to food security and overall nutrition. Version 10.1 of the CCDB provides
comprehensive composition data for 18 conventionally bred food, feed, fiber, and tree crops. The CCDB contains
a little over 1.5 million data points across 232 analytes collected from field trials in 19 countries over a span of 27
years. The aim of this report is to provide information on operation and features of the CCDB, improvements to
the database platform, data providers, data users, and the workflow to include data into CCDB. It also elucidates
the analysis of selected datasets from the CCDB to gain an insight into the factors that contribute to the variability
that is observed in crop composition.

1. Introduction and history of the Crop Composition Database

Crop plants exhibit diverse characteristics whose variability is driven
by multiple factors that may be phenotypic, genotypic, and biochemical.
As new varieties of crop plants are developed, including those through
modern biotechnology, these are tested and examined in the context of
existing conventionally developed varieties. An understanding of the
composition of nutritional components in new plant varieties and the
food/feed derived from these is integral to ensure that food and feed
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derived from genetically modified (GM) crops pose no additional safety
risk over that of the commercial non-GM crops, which have a history of
safe use.

The Crop Composition Database (CCDB) is a publicly available, easy
to access, and up-to-date resource containing composition data for
conventionally bred crop varieties that are used as sources of food, feed,
and fiber supply. The data are useful for comparative compositional
assessment of GM crops, informing healthy diets for livestock, and
improving knowledge of global datasets related to food security and
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overall nutrition.

All data in the CCDB are generated from samples collected in
experimentally designed field trials in known locations. This method-
ology is intentionally distinct from databases that sample from retail
channels (e.g., USDA FoodData Central), as it is designed to establish the
range of variability in compositional components derived from raw
agricultural commodities. CCDB provides scientifically robust compo-
sition data comparisons, and is widely used by product developers, re-
searchers, and regulatory agencies as part of the safety assessments of
GM traits in the context of the non-GM crop. For example, in comparison
of the composition profile of a new GM crop and a non-GM crop, if a
statistically significant difference between a GM crop that is being
evaluated and its non-GM counterpart is observed for a certain analyte,
risk assessors use the range from the CCDB in addition to other peer-
reviewed literature, to evaluate its biological relevance.

Data from the CCDB are included in internationally recognized,
science-based consensus documents on compositional considerations for
new cultivars of cotton, potato, rice, and soybean (OECD (Organisation
for Economic Co-operation and Development), 2009, OECD (Organisa-
tion for Economic Co-operation and Development), 2016, OECD
(Organisation for Economic Co-operation and Development), 2020;
OECD (Organisation for Economic Co-operation and Development),
2012) that are produced by the Organisation for Economic Co-operation
and Development (OECD) Working Party on Safety of Novel Foods and
Feeds. These documents provide technical information, in addition to
the CCDB, from several other food composition databases including
Danish Food Composition Database, Frida (2025), USDA FoodData
Central, Standard Tables of Food Composition in Japan (NARO), and
French Food Composition Table (CIQUAL) and are used as tools for
regulatory safety assessment of products of biotechnology. These
consensus documents are intended to be mutually recognized among
OECD Member countries.

The first version of the CCDB was released in 2003, and prior to that
it was not uncommon for 20-year-old documents to be cited as refer-
ences for crop composition data (Ridley et al. 2004). The need for a
robust source of curated and current crop composition data prompted
the International Life Sciences Institute’s (ILSI) International Food
Biotechnology Committee (IFBiC Task Force 12) to compile composition
data for maize and soybeans. This resulted in the creation of the CCDB
with the objective of providing information on the natural variability in
composition of agriculturally important crops (Ridley et al., 2004).
IFBIiC ceased operation in 2013, and the ILSI Research Foundation
became the owner and managing organization of the CCDB. In May of
2020, the ILSI Research Foundation became an independent, non-profit
organization and changed its name to the Agriculture & Food Systems
Institute (AFSI). Since then, the CCDB has been renamed the AFSI
Crop Composition Database and continues to be supported by a grant
from Crop Life International.

The CCDB is owned, managed, and curated by AFSI with technical
input provided by independent subject matter experts from the public
and private sectors and from regulatory bodies that comprise the CCDB
Working Group (WG). Members of the CCDB WG provide advice to AFSI
on scientifically relevant issues that are pertinent to the CCDB, such as
analytical methods and relevant data that may be included in or pro-
posed for inclusion in the CCDB. Participating as individual experts, all
members of the CCDB WG meet on a regular basis to provide guidance
on scientific issues regarding crop composition and ensure that high
quality data are included in the database. A staff member at AFSI,
designated as the CCDB Program Manager, serves as the database
manager, curator, and administrator and is also a full member of the
CCDB WG. The CCDB Program Manager conducts the day-to-day oper-
ations of the CCDB, coordinates CCDB WG activities and outreach ef-
forts, and engages with existing and potential data providers and end
users.

The abundance and quality of data housed in the CCDB is attributed
to the data providers, careful curation of the composition data by AFSI,
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and scientific advice from the CCDB WG. This report has two primary
aims. First, it serves to formally announce and describe the updated
Version 10.1 of the AFSI CCDB that continues to be an important
resource of composition data. Second, it explores some of the key factors
that contribute to the observed compositional variability in conven-
tional crops using the datasets available in the CCDB.

2. Iterations of the Crop Composition Database

The website for the CCDB is: https://cropcomposition.org/, and the
database is freely available in the public domain but requires users to
register and log in to a user account to access the search function. The
CCDB website includes pages which provide information about crops
included in the CCDB, the data acceptance criteria, data providers to the
CCDB, breakdown of all analytes by type and their association with a
specific crop-tissue combination, categorization of analytical methods
by analyte type, conversions that the database uses to convert the data to
various units of measure, glossary of relevant terms used on the web-
pages, and frequently asked questions. The links to these webpages are
given in Table 1.

The data in the CCDB are kept current by targeting a new data upload
every 2-3 years for the major crops that have large datasets, which
include canola, cotton, field corn, potato, and soybeans, while the data
for minor crops are uploaded as they become available. The updates
made to each iteration of the CCDB can be accessed on the webpage that
provides a summary of version updates at https://cropcomposition.
org/summary-of-version-updates. The most recent iteration of the
CCDB is version 10.1. Released in July of 2025, it contains a little over
1.5 million data points representing 232 compositional components
across 18 conventional crops. A breakdown of the composition data by
crop is provided in Fig. 1, and a complete listing of analytes by crop-
tissue combination is provided in Supplementary Table 1. All crop tis-
sue samples for composition data contained in the CCDB have been
collected from field trials that were conducted over a span of 27 years in
19 countries. CCDB represents the largest known collection of crop
composition data available to date.

Since the launch of the CCDB in 2003, several improvements have
been made to the database platform in terms of intuitiveness, ease of
data access, and presentation of data in multiple units of measure, as
well as ease of uploading data for data providers (Alba et al., 2010).
Version 8.0 of the CCDB, released in October of 2020, included sub-
stantial changes to the software platform, as well as improvements to the
functionality of the database. CCDB was moved to a new platform uti-
lizing ASP.NET as the application server and Microsoft SQL Server as the
database. New features were also added to improve the functionality of
the database, which made it more intuitive and easier for the user.

3. Crop Composition Database platform and features

The new CCDB platform integrated user account creation to enable
the use of the search function and access the data. The user login feature

Table 1
Informational webpages on Crop Composition Database website.

Informational webpage Weblink

Crop Data Included in the https://cropcomposition.
CCDB org/crop-data-included-in-the-ccdb#

Data Acceptance Criteria https://cropcomposition.org/data-acceptance-c

riteria

Data Providers

Analyte Types with Associated
Analytes

Analysis Methods

Abbreviations and Conversions

https://cropcomposition.org/Data-Providers
https://cropcomposition.org/analyte-categories

https://cropcomposition.org/analysis-methods
https://cropcomposition.org/abbreviations
—;md—convcrsi()ns

Glossary of Terms
Frequently Asked Questions

https://cropcomposition.org/glossary-of-terms
https://cropcomposition.org/fags



https://foodsystems.org/
https://foodsystems.org/
https://cropcomposition.org/
https://cropcomposition.org/summary-of-version-updates
https://cropcomposition.org/summary-of-version-updates
https://cropcomposition.org/crop-data-included-in-the-ccdb
https://cropcomposition.org/crop-data-included-in-the-ccdb
https://cropcomposition.org/data-acceptance-criteria
https://cropcomposition.org/data-acceptance-criteria
https://cropcomposition.org/Data-Providers
https://cropcomposition.org/analyte-categories
https://cropcomposition.org/analysis-methods
https://cropcomposition.org/abbreviations-and-conversions
https://cropcomposition.org/abbreviations-and-conversions
https://cropcomposition.org/glossary-of-terms
https://cropcomposition.org/faqs
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SOYBEANS 31.6%

APPLE, CASSAVA,
COWPEA, EUCALYPTUS,
MUSTARD, SORGHUM, |
STRAWBERRY, SUGAR | |
BEET, SUGARCANE <2% | |

RICE1.8%_| | COTTON 7.4%

RED PEPPER 0.8% _|

POTATO 2.4%
CORN - SWEET 0.9%
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CANOLA5.8%

CORN - FIELD 47.4%

Fig. 1. Data Share by Crop in Crop Composition Database, Version 10.1.

allows users to save their searches and has enabled AFSI to better un-
derstand its user base. The search function requires a user to specify a
minimum of two parameters, which are referred to as ‘fields’ in the
database: ‘Crop Type’ and ‘Tissue Type’. Upon selecting these fields, the
display menus for other fields such as crop year, country, and region are
activated and a search query submitted to the CCDB always returns re-
sults. Formerly, it was possible that a database query could show no
results. An improvement over earlier CCDB versions is that these menus
are now driven by the availability of data for the selected crop-tissue
combination. Upon selecting potato-tuber, the drop-down menu for
‘Crop Year’ displays the years 2009-2014, 2016. The year 2015 is not
included as an option because there are no data from 2015 for potato-
tuber in the CCDB. The display menu for ‘Country’ shows only ‘United
States’ because all potato data in the CCDB have been collected from the
United States. Furthermore, it is worth noting that the display menu for
‘Region’ shows a list of 11 states including Florida, Idaho, Maine,
Michigan, Minnesota, Nebraska, North Dakota, Oregon, Pennsylvania,
Washington, and Wisconsin in the United States and not all 50 states.

Search parameters can be saved and pre-populated, when a saved
search query is re-run at a later time. The output is generated in a single
click from running saved search queries and is updated as new data are
added to the CCDB. The output for a saved field corn-grain query run
during version 8.0 would be different from the one from later versions
because new data for corn-grain were added to the database.

The help page on the CCDB website at - https://cropcomposition.
org/help provides more information on account creation and using the
search function to generate reports.

3.1. Data output and visualization

The results generated from a search query are displayed in an ‘An-
alyte Overview Report Table’ that shows the data categorized into an-
alyte type, analyte name, number of samples followed by the number
below limit of quantitation (<LOQ), min, max, and mean values in the
default units of measure. Samples that are <LOQ are excluded from the

min, max, and mean value calculations. Users can export this table in
Adobe Acrobat® PDF or Excel® formats. The new platform allows users
to toggle the ‘Analyte Overview Report Table’ between tabular and
graphical formats.

The ‘Analyte Overview Report Table’ for canola — Brassica napus seed
is provided in Supplementary Figure 1. Oleic acid, C18:1, is most
abundant in canola seed oil with all reported samples above the LOQ.
The default unit of measure is Percent Dry Weight (% DW); however,
users have the option to visualize the data in other units such as Percent
Fresh Weight (% FW) or Percentage of Total Fatty Acids (% Total FA).
Three types of reporting formats are available to download data from the
CCDB: Summary report, Tabular report, and Detailed report which can
be visualized as HTML, Adobe Acrobat® PDF, or Comma Delimited File
(CSV).

3.1.1. Summary report

In addition to the parameters mentioned above, a Summary report
includes the analytical methods used for measuring each fatty acid along
with the number of samples that were analyzed using each method. For
example, oleic acid is reported in 630 samples in canola — B. napus seed.
Three analytical methods in the CCDB have been used for measuring
oleic acid in canola — B. napus seed: FAOOO1 - AOAC Official Method
939.05/A0CS Official Method Ce2-66/A0CS Ce 1e-91 (326 samples),
FA0003 - AOCS Official Method Ce 1-62 (1 sample), and FA0O009 - AOCS
Official Method Ce 1i-07/Ce 2-66 (303 samples).

Certain information included in a Summary report may not pertain to
a specific analyte, but to a particular crop-tissue combination. In the
canola — B. napus seed fatty acid example, the total number of canola
seed samples in the CCDB is 1253 of which oleic acid is reported in 630
(screenshots shown in Supplementary Figure 2). Samples are further
grouped by crop year, crop type, tissue type, seed vendor, seed variety,
country, and region.

3.1.2. Tabular report
These 630 samples of canola — B. napus are further separated by year,
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country, and region in a Tabular report (Table 2). Every group of sam-
ples has an associated analysis method and shows the minimum value,
maximum value, and mean value for the group. While a Summary report
for fatty acids in canola — B. napus shows the range for oleic acid to be
4.13 - 36.31 % DW and the mean value to be 23.62 % DW, a Tabular
report shows ranges and means by combination of year, country, region,
and method. Table 2 shows an excerpted Tabular Report for 18:1 oleic
acid in canola — B. napus.

3.1.3. Detailed report and sample-specific report

Furthermore, a Detailed report includes each of the 630 data points
for oleic acid in the chosen unit of measure along with the associated
metadata (crop and tissue type, country of origin, growing region, year
of harvest, and analytical method). A new data output feature was in-
tegrated with version 9.0 which enables users to generate sample-
specific reports in both a Tabular and Detailed format. Prior to this
feature, results were reported only by specific analytes with no associ-
ation of data for multiple analytes for each sample. This feature allows a
view of the results for all reported analytes for a given sample. A sample-
specific report can be generated by selecting ‘Sample ID’ under group-
ings. This feature allows results in a specific sample to be visualized in
the ‘Analyte Overview Report Table’ in the context of the range and
mean value for that analyte both as a graph and a table. Users can
generate views and reports using the search function in CCDB.

4. Data acceptance criteria, data providers, and users

The criteria for acceptance of data to the CCDB are described on the
‘Data Acceptance Criteria’ webpage at - https://cropcomposition.
org/data-acceptance-criteria. This provides detailed criteria to data
providers and database users regarding the collection of samples from
which composition data are generated. Each sample is a composite
sample collected from representative plants of a single plot, part of a
designed field trial at a single location. As the CCDB highlights the extent
of natural variability in crop composition, data generated from samples
produced in controlled internal environments, such as a greenhouse or a
plant growth chamber, are not accepted. The impact of these controlled
environments on crop composition is largely untested.

Data from samples collected from fields utilized for commercial
production are not appropriate for inclusion because the goal of the
CCDB is to provide a baseline for comparative assessment. The storage
conditions for samples as outlined in the ‘Data Acceptance Criteria’
ensure their integrity and preserves their metabolic signature from
collection to analysis. Such information may not be available for sam-
ples harvested from commercial fields. Therefore, data collected from
such samples do not meet the acceptance criteria for CCDB. As a pre-
requisite for data acceptance, the storage conditions and the complete
chain of custody of the sample from harvest to analysis must be recorded
by the data provider. Though not submitted to the database, the CCDB
manager may request access to this information, if needed.

The analytical methods used to generate composition data for the
CCDB must be standardized methods to ensure data consistency among
datasets. These methods are validated, in house and/or published
methods or official compendial methods, such as those catalogued by
AOAC International, American Association of Cereal Chemists (AACC),
American Oil Chemists' Society (AOCS), International Organization for
Standardization (ISO), and United States Pharmacopeia (USP).
Contributing data providers adhere to these methods and follow stan-
dard laboratory procedures, which include routine quality control
measures such as the use of check samples and standard reference ma-
terials (SRMs) where appropriate and available.

AFSI is closely involved with each data provider from identification
of the crop dataset to its inclusion in the database. The entire workflow
that begins from identification of a potential data provider to the CCDB
until publication of a new dataset is summarized along with the esti-
mated time duration at each step in Fig. 2. A new page on CCDB ‘Data
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Providers’ was added to the website with the release of version 8.0. This
page provides a listing of all public sector organizations and private
sector companies that are contributors of composition data to the CCDB.
The current CCDB data providers include African Agricultural Tech-
nology Foundation, BASF Agricultural Solutions US LLC, Bayer Crop
Science, Centro de Tecnologia Canavieira (CTC Brazil), Corteva Agris-
cience™, FuturaGene (Brazil), Institute for International Crop
Improvement — Donald Danforth Plant Science Center (USA), Interna-
tional Rice Research Institute (Philippines), J.R. Simplot Company,
Rural Development Administration (Korea), Okanagan Specialty Fruits
Inc., and Syngenta Crop Protection LLC.

4.1. Data import and retrieval for data providers

An improved data import process was implemented with the release
of version 8.0 that enables data providers to correct any errors in the
formatting of the uploaded data within the data provider interface. Data
providers can also retrieve detailed and summary data from the CCDB
programmatically via an Application Programming Interface (API) that
has been integrated with the platform. Data providers can easily
download all the data that they have provided using a unique API key
supplied by the CCDB administrator. This enables the data provider to
download the data directly into a statistical package, which can then be
used for statistical analyses as desired.

4.2. CCDB user metrics

The CCDB is configured on Google Analytics, which provides user
metrics that include information about the number of users from
different geographies, number of page views, average duration of a
session, and the traffic sources for the CCDB. As of December of 2025,
there are 1319 registered users of the CCDB that include academics,
scientists from the private sector, public sector researchers, students,
regulators, consultants, and others. A breakdown of CCDB users by
category is provided in Fig. 3. The user metrics obtained from Google
Analytics and information obtained from the administrative interface
enable AFSI to better understand the amount of time users spend on the
database website, the most frequently accessed datasets and webpages,
and the source from where user traffic reaches CCDB’s website.

5. Natural variability of crop composition data

The remarkable increase from 53,000 data points in CCDB version
1.0 to over 1.5 million data points in version 10.1 combined with met-
adata (crop and tissue type, country of origin, growing region, year of
harvest, and analytical method), offers a unique opportunity to inves-
tigate how some factors might affect analyte levels. Site-specific pa-
rameters, such as soil properties, weather conditions, and farming
practices affect the variability in crop composition. However, the
logistical challenge of collecting and harmonizing such information
across decades of trials from multiple providers is beyond the scope of
the database. Researchers wishing to perform advanced modeling of
environmental effects may need to link CCDB location and year data
with external geospatial and meteorological databases.

Using CCDB crop data, examples of distributions are provided with
respect to size of a dataset, harvest year, geographic origin, and
analytical methods and their impact on variability in composition data.
Collectively, the results of these analyses provide insightful information
into the variability in composition components of common foods
consumed globally.

5.1. Effect of size of dataset on the distribution of data
It is generally understood that, provided unbiased sampling, as the

number of values included in calculation of the mean increase, the more
robust is the estimated mean of the actual population. Broadly speaking,
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Table 2
Tabular Report for Oleic Acid (C 18:1) in Canola - Brassica napus (Excerpted for one fatty acid).
Analyte Analyte Crop Crop Type Tissue Country Region Analysis Method Minimum Maximum Mean Number of Number of Number of Units
Type Year Type Value Value Value Samples Samples Below  Samples Above
LOQ LOQ
Fatty 18:1 2008 Canola - Seed CANADA ALBERTA AOCS Official Method Ce 21.42 21.42 21.42 1 0 1 %
Acids Oleic Brassica 1-62 DW
napus
Fatty 18:1 2009 Canola - Seed CANADA MANITOBA AOAC Official Method 22.26 31.75 27.12 35 0 35 %
Acids Oleic Brassica 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2009 Canola - Seed CANADA SASKATCHEWAN AOAC Official Method 26.61 31.28 28.5 20 0 20 %
Acids Oleic Brassica 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2009 Canola - Seed UNITED MINNESOTA AOAC Official Method 24.5 29.78 26.51 20 0 20 %
Acids Oleic Brassica STATES 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2009 Canola - Seed UNITED NORTH DAKOTA AOAC Official Method 26.83 29.67 28.17 16 0 16 %
Acids Oleic Brassica STATES 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2010 Canola - Seed CHILE CACHAPOAL AOAC Official Method 15.95 26.72 22.25 40 0 40 %
Acids Oleic Brassica 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2010 Canola - Seed CHILE MAIPO AOAC Official Method 14.3 27.46 22.06 40 0 40 %
Acids Oleic Brassica 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2011 Canola - Seed CHILE MAIPO AOAC Official Method 4.13 25.56 18.71 20 0 20 %
Acids Oleic Brassica 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2011 Canola - Seed CHILE MELIPILLA AOAC Official Method 15.14 23.16 19.17 16 0 16 %
Acids Oleic Brassica 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2012 Canola - Seed CANADA MANITOBA AOAC Official Method 18.09 27.91 22.45 40 0 40 %
Acids Oleic Brassica 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2012 Canola - Seed CANADA SASKATCHEWAN AOAC Official Method 19.03 28.17 24.06 20 0 20 %
Acids Oleic Brassica 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2012 Canola - Seed UNITED NORTH DAKOTA AOAC Official Method 14.06 27.52 21.85 59 0 59 %
Acids Oleic Brassica STATES 939.05/A0CS Official DW
napus Method Ce2-66/A0CS Ce
le-91
Fatty 18:1 2014 Canola - Seed CANADA ALBERTA AOCS Official Method Ce 1i- 19.19 23.67 21.33 16 0 16 %
Acids Oleic Brassica 07/Ce 2-66 DW
napus

(continued on next page)
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Table 2 (continued)

Analyte Analyte Crop Crop Type Tissue Country Region Analysis Method Minimum Maximum Mean Number of Number of Number of Units
Type Year Type Value Value Value Samples Samples Below  Samples Above
LOQ LOQ
Fatty 18:1 2014 Canola - Seed CANADA MANITOBA AOCS Official Method Ce 1i- 17.54 24.97 21.71 47 0 47 %
Acids Oleic Brassica 07/Ce 2-66 DW
napus
Fatty 18:1 2014 Canola - Seed CANADA SASKATCHEWAN  AOCS Official Method Ce 1i-  13.37 26.89 2211 32 0 32 %
Acids Oleic Brassica 07/Ce 2-66 DW
napus
Fatty 18:1 2014 Canola - Seed UNITED IDAHO AOCS Official Method Ce 1i-  16.13 22.25 19.52 16 0 16 %
Acids Oleic Brassica STATES 07/Ce 2-66 DW
napus
Fatty 18:1 2014 Canola - Seed UNITED NORTH DAKOTA ~ AOCS Official Method Ce 1i-  23.24 25.42 24.27 16 0 16 %
Acids Oleic Brassica STATES 07/Ce 2-66 DW
napus
Fatty 18:1 2014 Canola - Seed UNITED WASHINGTON AOCS Official Method Ce 1i-  15.5 21.29 18.31 16 0 16 %
Acids Oleic Brassica STATES 07/Ce 2-66 DW
napus
Fatty 18:1 2018 Canola - Seed CANADA MANITOBA AOCS Official Method Ce 1i-  21.17 36.31 26.93 40 0 40 %
Acids Oleic Brassica 07/Ce 2-66 DW
napus
Fatty 18:1 2018 Canola - Seed UNITED IDAHO AOCS Official Method Ce 1i-  20.09 32.97 25.37 60 0 60 %
Acids Oleic Brassica STATES 07/Ce 2-66 DW
napus
Fatty 18:1 2018 Canola - Seed UNITED NORTH DAKOTA  AOCS Official Method Ce 1i-  23.61 33.3 27.51 20 0 20 %
Acids Oleic Brassica STATES 07/Ce 2-66 DW
napus
Fatty 18:1 2018 Canola - Seed UNITED SOUTH DAKOTA AOCS Official Method Ce 1i-  20.57 33.23 26.43 20 0 20 %
Acids Oleic Brassica STATES 07/Ce 2-66 DW
napus
Fatty 18:1 2018 Canola - Seed UNITED WASHINGTON AOCS Official Method Ce 1i- 21.69 30.21 24.88 20 0 20 %
Acids Oleic Brassica STATES 07/Ce 2-66 DW
napus
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Data Provider
(6 -18 months)

« I[dentification of Data Provider

¢ Discussion with AFSI about Data Acceptance Criteria
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Fig. 2. Workflow showing steps and time duration for publication of a new dataset in the Crop Composition Database.
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Fig. 3. Users of the Crop Composition Database.

the same is understood of the distribution of the values around that
mean. Sufficient estimates of a mean or value distribution may require
fewer data values for an analyte with a lower level of inherent variability
than an analyte with a higher level of variability. However, the addition
of more values to the dataset (again, provided unbiased sampling) would
not artificially broaden the distribution. Here, we consider some ex-
amples to look at the influence that the size of the dataset may have on
the representativeness of value distributions.

The number of values for crude protein in field corn grain in the
database have increased from 1078 in version 1.0, to 2858 in version
4.0, and to 10,598 values in version 10.1. To better understand the
nature of a dataset obtained from the CCDB, one may be interested in

understanding the influence of the size, or number of values, that make
up the dataset of interest: does the number of data values influence the
distribution of values when additional data are added over time? To
investigate the possible effect of increasing the number of values,
consider the example of crude protein values for field corn grain and
how the value distributions may have changed over time as more data
values were added to the database.

Crude protein data were obtained from version 10.1 of the CCDB,
and four sets of data were established based on approximate doubling of
the number of data points. The first set included data for samples from
field trials conducted from 1995 to 2004 and included 1444 data points.
Information for all data subsets along with frequency distributions is
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presented in Fig. 4.

As the dataset increased in size over time, the means, medians and
standard deviations (SD) remained stable. For example, in the 1995 to
2004 dataset, the mean was 10.3 and the SD was 1.424. For the larger
dataset from 1995 to 2025, the mean was 10.1 and the SD was 1.348.
The distribution of values and overall shape remained stable as the
number of samples (N) increased from 1444 in the dataset from 1995 to
2004 to 10598 in the dataset from 1995 to 2025. Thus, by 2004 the
distribution was characterized appropriately. The close agreement be-
tween the mean and median as shown in Fig. 4 suggests a largely sym-
metrical distribution. While the minimum and maximum values show
the full extent of the observed range, the stability of the mean and SD
demonstrates that additional data did not alter the shape of the
distribution.

Another example to consider is the levels of starch in field corn grain
(Fig. 5). The datasets were determined based on similar time intervals as
used in the crude protein example. The distribution of the smallest
dataset (1995 to 2005; 204 data points) is characterized by what appears
to be two peaks in the main body of the distribution, with a long tail of
lower values. As the number of data points increased, the shape of the
distribution became more refined, and standard deviation decreased
from 9.759 to 6.002, indicating a better estimate of the distribution.

Journal of Food Composition and Analysis 151 (2026) 108981

While most of the data added to the distribution over time contributed to
the peak of higher data values, data points were still observed in the long
tail of lower values, indicating these lower values are valid data and
likely do not represent outliers, but rather represent values that occur
less frequently but consistently.

The CCDB includes data for glycoalkaloids in potato, two of which
are chaconine and solanine. The data distributions for these glyco-
alkaloids are skewed toward lower values (Fig. 6). For both chaconine
and solanine, there are a considerable number of values below the limit
of quantitation for the analytical method used to measure them.
Although the number of samples is 446 for each, in effect, there are 376
values in the distribution for chaconine and 202 values for solanine
which are relatively small datasets when attempting to represent a
complete distribution. Additionally, both distributions have one
extremely high value. These values were measured in the same sample,
verified and reported correctly by the data provider. As more data will
be added over time, it will be interesting to observe the effect of addi-
tional data points on the distributions: will the shape of the distributions
remain relatively unchanged, or will additional data fill the gap toward
the observed extreme values? It may be possible that the values now
considered extreme may become less extreme in the future.

1995 to 2004 1995 to 2009
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6 8 10 12 14 16_'_‘_18 6 8 10 12 14 16_'_‘_18
Mean 10.3 Mean 10.2
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Maximum 17.3 Maximum 17.3
N 1444 N 2858
1995 to 2012 1995 to 2025
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The x-axis unit is % dry weight.

Fig. 4. Frequency distributions and descriptive statistics over time for field corn grain crude protein levels in the CCDB.
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Fig. 5. Frequency distributions and descriptive statistics over time for field corn grain starch levels in the CCDB.

5.2. Geographic origin of samples

A source of variation one may want to consider when extracting
datasets from the database is the geographic origin of the samples. Data
distributions of soybean seed crude protein levels for different
geographic regions are illustrated in Fig. 7. The geographic regions
include Europe (France, Italy, and Romania), North America (Canada
and the US, excluding Puerto Rico), the Republic of Korea, South
America (Argentina, Brazil, and Chile), and a composite distribution
across all regions. It is worth noting the difference in the number of
values (N) in each subset of data, which range from 120 data values for
Europe to 5882 values for North America. Thus, the robustness of the
estimated descriptive statistics may be different for the individual re-
gions. However, all datasets appear to have normal distributions, and
they have similar means (38.3-39.2 % dry weight) and similar data
ranges (minimum and maximum values) across their distributions.
When data are pooled together across geographies, the collective dis-
tribution maintains the same shape of a normal distribution.

Although the soybean growing area in the southernmost regions of
Brazil has a relatively temperate growing season, Brazil in general has a

more tropical growing environment relative to other regions repre-
sented in the database, and the soybean germplasm employed in Brazil is
likely to differ from other areas of South America, such as Argentina,
which has a more temperate growing season similar to the North
American growing season. Therefore, one may be interested if crude
protein values from Brazilian samples differ substantially from other
regions. The data for Brazil have a mean crude protein value of 39.3 %
dry weight (N = 282) and a range of values from 33.6 % - 44.9 % dry
weight. These values are similar to those for data from the Republic of
Korea (mean, 38.8 %; range of values, 32.6-46.2 %; N = 351) and
Europe (mean, 39.2 %; range of values, 32.5-44.7 %; N = 120), both of
which have temperate soybean growing seasons. Although the range of
values for the Brazil data is narrower than the value range across all
regions (29.5-46.8 %; N = 7264), the distribution across all regions
provides more robust estimates of the descriptive statistics due to the
larger number of observations, thus creating a more representative view
of crude protein levels typical for soybean seed. To understand the
variability of crude protein levels in soybean seed, there is no obvious
advantage for parsing data by geographic origin of the samples.
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Fig. 6. Distributions and descriptive statistics for levels in the CCDB for potato tuber chaconine and solanine.

5.3. Analytical methodology

The methods employed to quantify a given component may appear to
contribute to the observed variability. As new methods are developed
(more efficient, safer, etc.), they are compared with the older methods
and eventually verified with laboratory standards. Thus, different
methods produce relatively similar results. For a true comparison, it is
necessary that the sample analyses for the methods being compared are
conducted on the same set of samples. Although CCDB does not capture
the data in a way that provides a direct comparison of methods, there is
enough information to allow exploration of the general influence of
methodology on the observed variability. For illustration of this, levels
of Vitamin K1 in soybean seed using different methods of analysis are
considered here.

The data distributions for six methods for measuring Vitamin K1 in
soybean seed are given in Fig. 8. The dataset for each method differs in
number of observations and in growing environments (year of sampling
and location). Initially, there appears to be quite a difference in results
from methodology (with the caveat that these are not direct method
comparisons) especially for VT0023 (mean = 0.311 ppm dry weight)
and VT0033 (mean = 0.540 ppm dry weight), which appear to produce
lower values than the other methods. Methods VT0043 (mean
0.784 ppm dry weight), VT0045 (mean = 0.743 ppm dry weight), and
VTO0055 (mean = 0.649 ppm dry weight) did not result in values as low
as those observed in the other three methods.

Because the Vitamin K1 data presented in Fig. 8 were compiled by
method across growing environments, the data were further sorted by
sample country of origin and year. Although this was still not a direct
comparison of the methods, this provided some insight into the influ-
ence of Vitamin K1 analysis method on the resultant distribution of
observed values. Methods VT0033, VT0043, and VT0045 were chosen
out of the six methods because all had available data from samples
generated in the USA in 2012, providing the most complete dataset
across the six methods. Methods VT0033, VT0043, and VT0045 were
used by three different laboratories. While the extraction of vitamin K1
from soybean is similar for all three methods, VT0033 and VT0043 used
high performance liquid chromatography (HPLC) with post column
reduction and fluorescence detection and VTO0055 wused ultra-
performance liquid chromatography coupled with mass spectrometry
detection (UPLC-MS/MS). The resulting distributions are presented in
Fig. 9.

Before accounting for growing environment (year and country),

10

method VT0033 appeared to produce values trending to be lower than
methods VT0043 and VT0045 (Fig. 8). Once the growing environment
was considered (Fig. 9), the distribution for VT0033 (mean = 0.595 ppm
dry weight; SD = 0.1654) was more in line with those of VT0043 (mean
=0.619 ppm dry weight; SD = 0.1615) and VT0045 (mean = 0.743 ppm
dry weight; SD = 0.2406), although VT0045 has a larger spread of
values in its distribution. Thus, for these three methods, the results were
relatively comparable. One might reasonably surmise that the growing
environment had a greater influence on the observed values than dif-
ferences in the analysis methods.

6. Quality of data in the CCDB

The quality of crop composition data is a function of the quality of
samples that are used to generate the data as well as data processing.
Guidance on harvesting and storage of samples to generate quality data
that can be accepted by the CCDB is provided by a set of ‘Data Accep-
tance Criteria’ on the website which was discussed earlier in this report.
In addition to the data acceptance criteria, an outlier analysis using SAS
‘Statistical Analysis System’ software is conducted to identify possible
outliers prior to inclusion in the CCDB (Sult et al., 2016). SAS version 9.3
was used for CCDB version 5.0-7.0 and SAS version 9.4 was used for
CCDB version 8.0-10.1.

It is worth noting that all data which meet the criteria are accepted
and published. The outlier analysis does not exclude any data points. A
data point identified as an outlier by the statistical procedure could be
one that was erroneous due to a mistake in mathematical calculations
that could have occurred in conversion from one unit of measure to
another during the preparation of the dataset for submission by the data
provider, or it could be a true extreme value for that crop-tissue-analyte
combination. Potential outliers are flagged and are checked by the data
provider for errors considering the background information and bio-
logical context of the submitted data. The correction of 320 data points
due to mathematical errors prior to publishing CCDB version 10.0 is a
good instance of the utility of the outlier check. Any update or change
made to existing data are included in the ‘Summary of Version Updates’
on the website at - https://cropcomposition.org/summary-of-versio
n-updates. In addition to the outlier check, the data distribution for
each crop-tissue-analyte combination is routinely monitored by AFSI
and the experts on the CCDB WG.
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Fig. 7. Frequency distributions and descriptive statistics for levels of soybean seed crude protein in the CCDB, by geographic region.

7. Future direction South America, Europe, and Australia are well represented in the CCDB,
however, more data are needed from Asia and Africa. The CCDB WG and

Corn and soybeans are the two largest datasets, comprising 47 % and AFSI recognize this geographic limitation and making the database more

32 % of the whole CCDB data, respectively. Data from North America, globally representative is a high priority. Recently, composition data for
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data (N = 1127, mean = 0.713, SD = 0.2621); VT0033: 5 years of data (N = 1281, mean = 0.540, SD = 0.1814); VT0043: 2 years of data (N = 256, mean = 0.784,
SD = 0.2907); VT0045: one year of data (N = 128, mean = 0.743, SD = 0.2406); VT0055: one year of data (N = 128, mean = 0.649, SD = 0.2600). VT0023: AOAC
Official Method 992.27,/999.15. VT0032: Journal of AOAC International, 85:682-691 (2002)/ European Food Research and Technology, 235:873-879 (2012)/A0AC
Official Method 999.15/USP24-NF19:2321-2322 (2000). VT0033: Journal of AOAC International, 85:682-691 (2002)/USP35-NF30: 1571-1572 (2012). VT0043:
AOAC Official Method 999.15/Journal of Agricultural and Food Chemistry 48:6325-6331. VT0045: AOAC Official Method 999.15/Journal of AOAC International,
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Fig. 9. Values in the CCDB for three methods to measure vitamin K1 in soybean seed from the USA 2012 field season. VT0033: N = 464, mean = 0.595, SD = 0.1654;
VT0043: N = 128, mean = 0.619, SD = 0.1615; VT0045: N = 128, mean = 0.743, SD = 0.2406. VT0033: Journal of AOAC International, 85:682-691 (2002)/USP35-
NF30: 1571-1572 (2012). VT0043: AOAC Official Method 999.15/Journal of Agricultural and Food Chemistry 48:6325-6331. VT0045: AOAC Official Method
999.15/Journal of AOAC International, 85:682-691 (2002)/European Food Research and Technology, 235:873-879 (2012). Mean is expressed in ppm dry weight.

brown rice, red pepper, and soybean from Republic of Korea were important additions from Africa. We will continue to prioritize seeking
added, which has increased the representation from Asia. Data for cas- data providers from Asia, Africa, and other underrepresented regions,
sava from Kenya and Uganda, and cowpea from Ghana and Nigeria are and continue our efforts to diversify crops represented in the CCDB as

12
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well as continue to expand datasets for existing crops.

AFSI is seeking to include composition data for new crops and
expanding datasets for existing crops. Suggestions for improvements to
the database, interest from potential data providers, and any questions
regarding the search function may be sent to the curator of the CCDB at
AFSI using the email address: ccdb@foodsystems.org. Improvement of
the usability of the CCDB in terms of better data visualization, output
formats, and user interaction with the platform are additional topics of
interest that are discussed during CCDB WG meetings. In November of
2022, a survey questionnaire was integrated with the CCDB website to
receive feedback on the use, functionality, and user experience of the
database. The survey indicated that most users found navigating CCDB
website and finding information very easy to somewhat easy (with the
options being very easy, easy, somewhat easy, not easy).

The following citation format is suggested when referring to datasets
obtained from the AFSI CCDB:

‘AFSI (2025) Crop Composition Database, Version 10.1, Agriculture
& Food Systems Institute www.cropcomposition.org [Month, day, year
(when the cited data were retrieved from the database)]’
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