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1. Basic Understanding of
Grain Moisture Measurement
• The earth is a unique planet which has huge amount of
water (H2O). Therefore, water is the most important substance
for all kinds of creatures.
• Grain moisture is closely related to the microscopic behaviors of water. Water
in an extremely small space shows unique characteristics.
• It is considered that water is contained in grains in one of the three forms:

1. Water of crystallization: Water molecules that compose a part of the base
molecule. An example is chalcanthite (CuSO4・5H2O).
2. Bound water: Water molecules bound to the surface of the base molecule
(protein, etc.). They play a biological role to protect the base molecule.

3. Free water: Bulk water in a rather macroscopic structure. This form of water
may cause a deterioration of the product.
• It is difficult to remove the water in the forms 1 and 2. In practical grain
moisture measurement, “dry sample” means a condition without free water.
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Grain Moisture Measurement from a
Viewpoint of Legal Metrology
• Quality of agricultural products is important for healthy life. It also plays an
important role in fair trade because prices and acceptance of product are
determined based on its quality.
• A drying process with additional cost is necessary because fresh & moist
grains deteriorate rapidly. Moisture content (MC) thus becomes an
important factor because a dry grain is traded at a higher unit price.
• Therefore, such categories of instrument are controlled under legal
metrology in many economies. Moisture meters used for transaction are
subject to type approval (examination of design) and initial / subsequent
verifications by a legal metrological authority.
• However, a framework for metrological control differs
in each economy. In some economies, another authority
in health or agriculture supervises moisture meters
(Japan etc.). Meters may sometimes be controlled
voluntarily by the manufacturers.
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2. Practical Measurement Methods*
2.1 Drying (oven) Method used for a
Reference Method
• A drying method using an oven is widely used as a reference method
for practical traceability system for moisture contents.
• A small portion of sample is dried in an air oven at a constant
temperature. An absolute value of moisture content is calculated from
the weight loss before and after drying based on an assumption that
only aqueous substances are evaporated off.
• There is however, an inherent problem in this assumption that it is
impossible to separate aqueous & non-aqueous substances clearly.
The measurement results therefore depend on drying conditions.
*There are also chemical analytical methods, such as Karl Fischer titration.
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Procedure of the Drying Method
Conditioned
sample

Put into the can

15g

14g

Weighing
wet sample
(Mwet)

Weighing
dry sample
(Mdry)

10g
Weighing
empty can
(Mcan)

Dry in the Oven
ISO 712 (130ºC 2H)

Crush sample with a grinder

Moisture Content = (Mwet - Mdry) / ( Mwet - Mcan)
= (15 g – 14 g) / (15 g – 10 g) = 20 %
Absolute & direct
measurement
Reference sample
with a predetermined
MC (20%)

Indirect measurement
(electric, capacitance…)

CALIBRATE

In-service
Meter
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Important Note to the Drying Method
Lack of Harmonization in Conditions
Organization
/country

ISO 712
(widely used in
EU & Asia)

USDA
US. Department
of Agriculture

Japan and
Rep. Korea
(original)

Cereal grain

130ºC 2h

130ºC 1h

106.5ºC 5h

Beans

130ºC 2h

130ºC 72h

106.5ºC 5h

Peas and lentils

130ºC 2h

130ºC 1hr

106.5ºC 5h

Maize (Food)
Maize (Feed)

130-133ºC 4h

103ºC 72h

106.5ºC 5h
135ºC 2h

Grain Sorghum
(Food/Feed)

130ºC 2h

130ºC 1hr

106.5ºC 5h
135ºC 2h

Soybeans

130ºC 3h+entra

130ºC 1hr

106.5ºC 5h

Products
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2. Practical Measurement Methods
2.2 Electrical Measurement Methods

Used widely in real field because they enables a rapid measurement
with a small instrument. There are three types:
(1)

Electrical resistance (conductance) type,

(2)

Electrical capacitance (dielectric constant) type, and

(3)

Near infrared (NIR) type.

However, they cannot measure MC absolutely and instead, utilize a
physical property related to MC inferential method.

These meters must be calibrated in advance against reference
samples with determination of a calibration equation.
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 Crush sample by sandwiching with the electrodes.
 Measure electrical resistivity of the sample
(with a negative slope to MC) and covert it to MC.
 Small sample size & handheld.
 Widely used in Asian economies.

Elec. Resistivity

(1) Electrical Resistance type Moisture Meter

MC

1: handle, 2: upper electrode, 3:
sample tray/lower electrode, 4:
sample, 5: A/D converter, 6:
temperature sensor
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Electrical
Capacitance

(2) Electrical Capacitance type Moisture Meter

MC

 Uses a cylindrical container with a
pair of electrodes.
 Measure electrical capacitance
(almost proportional to moisture) and
mass of the sample. Then, covert it
into MC.
 Larger sample size but no need for crushing.
 Used in worldwide.

Sample
Electrode

Electrode

Electronic
Circuit

Electrode

Indicator

Battery
Weighing System
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(3) Near Infrared (NIR) type Moisture Meter
 Detects a ratio of the infrared light absorbed by the water in a sample and
covert it to MC.
 It enables a rapid and remote measurement even for a sample in motion.
 No need for crushing.
 Used in worldwide particularly in USA, Canada and Australia.
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3

1
4

2
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Schematic view of a NIR moisture meter
1: sample holder, 2: light source, 3: infrared light beam, 4:
lens, 5: photo detector, 6: electric circuit and 7: housing
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3. Traceability in
Grain Moisture Measurement
Needs for traceability:
 Global or regional traceability system
 Confidence in fair trade and removal of TBT (technical
barriers to trade)
 Practical & low-cost calibration method for the meters in service
 Evaluation of measurement uncertainty for the meters in service
Inherent difficulties and necessary compromises:
 Lack of a unique and stable primary standard (or artifact).
 Lack of homogeneity and stability in samples (regardless our
expectation).Difficulty in defining ‘measurand’
 ‘A sample’ indicates a small portion taken from a lump which is considered
to have a homogenous characteristic. A measured sample cannot be
reused in many cases.
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An Example of Practical Calibration
A meter usually calibrated by defining a curve based on the reference
data obtained with the dry oven method.

Reading of Moisture Meter (%)

20
19
18
17
16

Calibration
Curve

15
14
13
12
11

10
10

11

12

13

14

15

16

17

18

19

20

Moisture Content (%) by 105 ºC Drying Method

A calibration curve of a resistance moisture meter
(105 ºC drying method, 2001FY brown rice, 113 samples / 30 varieties)
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Measurement System in Reality without Unique Traceability

Samples A

Samples C
Samples B

Dry Oven

Dry Oven

Dry Oven

Moisture Meters A

Moisture Meters B

Moisture Meters C

Traceability A

Traceability B

Traceability C

Lack of representativeness of sample
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Problems in Exported/Imported Moisture Meters
Manufacturer in
Country A

Import
meters

Resistance
Meter

R

Country B

Country C

Reference
Sample B

Reference
Sample C
Import
meters

Reference
Sample A

Mr

Mr

Mc

Resistivity vs. moisture

Mr

Mc

Mc

Calibrated!

Mc
Calibration curve between the
reference (Mr) and measured
moisture (Mc)

Because a reference sample in each country is not
the same with that of manufacturer, there will be a
deviation in calibration curve when a meter is
exported to another country!
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Practical Traceability System proposed
by APLMF WG on QMAP
1. A regional authority or an NMI employs unique reference
method (a drying method is usually used).
2. Collect samples of one kind of product including different varieties which are
commonly produced in the region.
3. Provide 30 reference samples at different MCs in a range 10-30 %. Determine
the MCs of the 30 samples using the reference method.
4. Select one meter as the practical primary standard (1st level) and two spare
meters. Calibrate these 3 primary standards against the 30 samples.
5. Calibrate the working standard meters (2nd level)
against the primary standard using a meter-to-meter
comparison method at 5 levels of MC.
6. Calibrate the meters in service (3rd level) using the
method explained in 5.
7. Repeat the entire procedure periodically
(once a year) to maintain the traceability system.
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Proposed Practical Traceability System
Reference method

30 Reference samples

Introduced
in Thailand

Drying method

Primary standard
(National laboratory)

MC: 20.3%

Spare meter

Primary standard
meter

Spare meter

5 Reference samples
Secondary
standard
(Local offices)
Secondary
standard meter

Secondary
standard meter

Secondary
standard meter

Samples for comparison
Fields

In-service moisture meters
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Considerations of Uncertainty in
Grain Moisture Measurement

30%

MC of calibrated meter

 Measured values are strongly
affected by the sample, procedure
and instruments.
 Major sources could be :
inhomogeneity, instability,
characteristics, treatment of the
sample and the reference method
used for calibration.
 An uncertainty analysis on a lump of
sample at a lower MC has been
already done by the WG.
 An analysis at a high MC will
become difficult, or an evaluated
uncertainty becomes large.

10%

MC of reference meter

30%
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4. Reference Samples of Grain
Outline:
 A set of reference samples of grain with a
homogeneous quality is a key item to maintain
the entire traceability system.

 The sample set must be replaced periodically to
maintain its quality.
 Procedures for collecting / conditioning the sample and adjusting its MC
are proposed by the WG on QMAP.
Recommended policies for collecting reference samples:


Cover more than 70 % both in varieties and places of harvest.



Collect fresh grains with a sufficient amount
to be used for all calibrations/comparisons.



Make a realistic plan considering actual production
and circulation.



The samples should be kept in a laboratory
with a controlled condition.
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5. Activities of OIML
(International Organization of Legal Metrology)
in Agricultural Measurement
• Established in 1955 following the
conclusion of OIML Convention.
• 61 member states and 65
corresponding members in Nov.
2016
• A standard setting organization
under the agreement on WTO/TBT.
• Aims to harmonize national
metrology regulations of member
states to remove TBT.
• To help developing countries to set
up a sound national legal
metrology system.

Presidential
Council

International Conference
of Legal Metrology (IML)

Every 4 years

International Committee
of Legal Metrology (CIML)
P. Mason (UK)

Every year

Technical Committee
(18 TCs)
Subcommittee（45 SCs)
Project Groups (PGs)

International Bureau of
Legal Metrology
(BIML)
S. Patoray

National Working Group
(NWC) in each country

OIML Organization Chart
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OIML TCs/SCs and Recommendations
• OIML Recommendations (Rxx) are model technical regulations
on measuring instruments under legal metrology.

• Recommendations are developed by PG (Project Group) in TCs/SCs
and then approved by CIML.
• Member states are morally recommended to implement the
Recommendation in their national systems.

• More than 100 recommendations have been published and be
downloaded freely from the OIML website.
• Two TC/SCs are responsible for agricultural
measurements:
(1) TC 17/SC 1: Humidity (PR China & USA)
(2) TC 17/SC 8: Instruments for quality analysis
of agricultural products (Australia)
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Revision of R 59 for Moisture Meters
in OIML TC17/SC1
2001:
2002:
2003:
2003:
2004:
2007:
2009:
2010:
2013:
2014:
2016:

TC17/SC1 meeting was held in Berlin to start revising R 59 (1984).
SC1 agreed that US would provide 1CD.
The US completed 1CD. TC17/SC1 secretariat in PR China
circulated the 1CD to the member countries for comments.
The US developed 2CD and it was circulated to the members.
SC1 meeting was held in Beijing to review 2CD.
The US drafted 3CD. The secretariat circulated the 3CD and 4CD.
SC1 meeting was held at NIST in US. 5CD was developed.
SC1 members submitted comments to 5CD in May.
SC1 meeting was held in Orlando in USA.
SC1 meeting was held at NIST
in USA to discuss on 6CD.
7CD was circulated.
In Oct., FDR (Final Draft Rec.)
was approved at 51st CIML. 2016
version will be published soon.
Meeting in 2013
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Outline of new OIML R 59
”Moisture meters for cereal grains and oilseeds” (2016?)











Composed of 3 parts:
(1) Metrological and technical requirements,
(2) Metrological controls and performance tests and
(3) Test report format (for type approval)
Scope: Aims type approval in legal metrology. It applies indirect (inferential)
instruments with a digital indication used for static samples.
Unit of measurement: Percent (%) in mass fraction.
Metrological requirements (part 1): Specifies influence factors, rated
operating conditions, reference method, MPEs, temperature ranges...
MPEs (maximum permissible errors): A typical MPE is ±0.4 % (MC < 16 % in a
type approval for corn, oats, pulse, rice…).
Technical requirements (part 1): Specifies moisture ranges, minimum sample
size, constructions, temperature ranges/difference, markings & sealing of the
instrument, protection of software including calibration data...
Test methods (part 2): Specifies methods, procedures, test levels and
acceptance criteria for type approval tests. Requirements to EMC
(electromagnetic compatibility) have been strengthened in this version.
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A new Recommendation for Protein Measurement
in OIML TC 17/SC 8
2002:

2003:
2004:
2006:
2007:
2010:
2012:
2013:
2014:
2015:
2016:

37th CIML decided to set up a new SC: TC17/SC8 (Instruments for
quality analysis of agricultural products) with the secretariat in
Australia.
SC8 informed members to start drafting a new OIML
Recommendation on protein measurements.
SC8 held a meeting in Sydney. Outline of the draft was proposed.
SC8 circulated 1CD of the recommendation.
SC8 meeting was held at NIST in US.
2CD was provided. SC8 meeting was held in Orlando in US.
3CD was provided and members submitted comments.
4CD was provided and SC8 meeting was held at NIST in US in
July with TC17/SC1 meeting.
5CD was provided and the members submitted comments.
DR was voted by all CIML members in November.
In Oct., FDR (Final Draft Rec.) was approved at 51st CIML.
This new recommendation will be published soon.
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6. Activities of APLMF
(Asia-Pacific Legal Metrology Forum)

WG on Quality Measurements of
Agricultural Products (QMAP)
Introduction of APLMF:
• A group of legal metrology authorities on the Pacific rim with 26 member
economies.
• Objectives: reduction of TBT (technical barriers to trade), exchange of
information, training programs and cooperation with OIML/APEC.
• Brief history:
1994: APLMF was established with the presidency by Australia.
2001: Japan proposed a WG on rice moisture (QMAP in present)
2001: Japan succeeded the presidency & secretariat.
2007: PR China succeeded the presidency & secretariat.
Oct. 2015: New Zealand succeeded the presidency & secretariat.
Nov. 2016: 23rd Forum Meeting will be held in Tokyo.
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Structure of APLMF
Forum Meeting (every year)
Full Members (19):
Australia, Cambodia, Canada, PR China,
Hong Kong China, Indonesia, Japan, DPR Korea,
R. Korea, Malaysia, Mongolia, New Zealand, Papua New
Guinea, Philippines, Singapore, Chinese Taipei, Thailand,
USA & Viet Nam
Corresponding Members (7):
Chile, Columbia, Brunei, Lao PDR, Mexico, Peru & Russia

Executive
Committee
President
Secretariat
Former President
Canada
ASEAN (Malaysia,
Indonesia)

Working Groups (WGs)
President
Mr. Stephen O’Brien

Secretariat
Mrs. Alli Smith
Mr. Phil Sorrell
MBIE, New Zealand

WG on Training Coord. (AU)
WG on Goods Packed (NZ)
WG on Utility Meters (CA)
WG on MRA (US)
WG on Medical Meas. (TW)
WG on Quality Measurement of
Agricultural Products (JP)
WG on Metrological Control
Systems (CN)
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APLMF Training Courses, Seminars & Workshops
• An important activity of APLMF to facilitate the infrastructure in
legal metrology in the region which was started in 1997.
• Typically, one-week training course is held for a specific field with
an attendance of 20-40 participants. About 4 courses/year have
been conducted and more than 1500 trainees participated so far.
• Some courses were supported by an APEC-TILF fund until 2012.
• Fund of PTB (Germany) has been utilized from 2015 in cooperation
with APMP. This joint project is called as MEDEA (Metrology:
Enabling Developing Economies within Asia).
• Trainees are requested to provide economy reports that have been
accumulated in a valuable knowledge base.
• APLMF website provides most of the materials (text books and
economy reports) for the benefit of the economies.
• OIML Countries have interest in these programs.
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APLMF Training Courses / Workshops on
Rice Moisture Measurement and Quality of Agricultural Products
Course Title

Date (d/m/y)

Place (Host)

Trainers / Speakers

Trainees

Study tour for rice
30/9-5/10/2001 Several places in Japan
moisture measurement
(NMIJ)

I. Akamatsu (NMIJ) and others (JP)

9 from 7 econ.

Training courses on
traceability of rice
moisture meters
(partly supported by
APEC)

Akamatsu, H. Tanaka (NMIJ), T.
Watanabe & N.Yoshida (Kett Co.)

23 from 7 econ.

30/8-10/9/2004 Bien-hoa, Vietnam
(STAMEQ)

Akamatsu (NMIJ), Watanabe, Yoshida
& T. Suzuki (Kett Co.)

About 20

11-29/11/2004 Chiang Mai, Thailand
(CBWM)

Akamatsu, Tanaka (NMIJ), Watanabe,
Yoshida & M.Yabe (Kett)

About 23 from
ASEAN

15-26/8/2005

Manila, Philippines (ITDI)

Akamatsu, Tanaka (NMIJ), Watanabe & From ASEAN
Yoshida (Kett)

7-9/2/2007

Chiang Mai, Thailand
(CBWM)

24 from 11 econ. including JP

About 80 incl.
speakers

4-6/6/2008

Hangzhou, PR China
(AQSIQ)

24 from 14 econ. including JP

About 70 including
speakers

23-25/9/2009

Ho Chi Minh City, Vietnam
(STAMEQ)

18 from 10 econ. including JP

20 from 11
economies

Bandung, Indonesia (DoM)

T. Matsumoto (NMIJ), Yoshida & Yabe
(Kett)

36 from 3
economies

Chiang Mai, Thailand
(CBWM)

Matsumoto, Yoshida, Yabe, K. Emori & 33 from 8
H. Noji (Kett).
economies

Phnom Penh, Cambodia
(NMC)

Matsumoto, Yoshida, Yabe, Emori & R. 20 (+10 obs.) from
Talahashi (Kett).
8 economies

Calling for a host economy.

Matsumoto and Kett Co.

Workshops on
metrology of
agricultural products
and food safety
(supported by APEC)

19-30/8/2002

Training courses on
28/5-1/6/2012
traceability in rice
moisture measurement 25-29/11/2013
(supported by MEDEA
for 2015->)
16-20/11/2015
2017?

Khon Kaen, Thailand
(CBWM)

From APLMF/APMP

28

APEC Workshops in 2007-2009 in Thailand, PR China & Viet Nam

29

Training courses in 2012-2015 in Indonesia, Thailand & Cambodia
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7. Summary
 There are strong concerns in the quality of agricultural products among
the stakeholders such as, producers, consumers, trades and legal
metrological authorities (LMAs).
 Prevention of a fraud in measurement in another concern of LMAs.

 It is difficult to realize a global traceability system for MC although it
has been requested for a long time.
 As an alternative, the WG on QMAP proposes a realistic solution for a
regional traceability system.
 There is a need for uncertainty analysis on grain moisture
measurements in the field.
 Cooperation for standardization is requested among the organizations:
BIPM, OIML, ISO, CODEX, APMP, APLMF ....
 The WG provides training courses and a draft of APLMF Guide
Document on Rice Moisture Measurement.
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Thank you for your kind
attention!
Tsuyoshi Matsumoto
<ty-matsumoto@aist.go.jp>
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