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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 24115 was prepared by Technical Committee ISO/TC 34, Food products, Subcommittee SC 15, Coffee.
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INTERNATIONAL STANDARD ISO 24115:2012(E)

Green coffee — Procedure for calibration of moisture meters —
Routine method

1 Scope

This International Standard specifies a procedure for adjustment and subsequent calibration of moisture meters

for green coffee hoans with reforonce samnles (RSg)
g Ay 7

The RSs are green coffee beans of various moisture contents, determined by a standard method (ISO 6673).

NOTH This method of determining the loss in mass can be considered, by convention, as @-method fpr determining
the water content and can be used as such by agreement between the interested parties.

This |nternational Standard is applicable to green coffee as beans.

2 ormative references

The following referenced documents are indispensable for theapplication of this document. For dated
refergnces, only the edition cited applies. For undated references;the latest edition of the referenced document
(inclding any amendments) applies.

ISO 3509, Coffee and coffee products — Vocabulary
ISO §673:2003, Green coffee — Determination of los§in mass at 105 °C

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts and associate terms (VIM)

3 Terms and definitions

For the purposes of this document,\thé terms and definitions given in ISO 3509, ISO/IEC Guidg 99, and the
following apply.

31
reference sample
RS
sample of green ceffee beans, sufficiently homogeneous and stable with reference to specified properties,
which has been established to be fit for its intended use in measurement or in examination of nominal properties

NOTH SeerAnnex A.

4 rinecinla
LA lvlvlv

From green coffee beans, a set of samples with different moisture contents is prepared, to be taken as reference
samples (RS). Their individual moisture content (or mass fraction loss) values are obtained by the respective
determinations of loss in mass by applying ISO 6673.

These RSs with assigned moisture values are used for calibration of moisture meters.

5 Equipment and material

5.1 Green coffee as beans, in a quantity sufficient to prepare n reference samples, RSi, i = 1 ... n (the
minimum is 5), with moisture mass fraction ranges between 8,5 % and 13,5 %, prepared according to A.1.

© 1S0O 2012 — All rights reserved 1
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5.2
not display th

5.3
channel for g

e sample temperature.

reen coffee, which will be the subject of calibration.

5.4 Balance, capable of being read to the nearest 0,1 g.

Equipment necessary for determinations according to ISO 6673.

5.5
6 Proced
6.1 Testd

The procedu

Prior to the t

6.2 Alignment of instrument deviation

6.2.1 Befo
NOTE TH
6.2.2 Forn
6.2.3 For

determined 3
assigned. Rq

6.2.4 Calc
manufacture

ure

onditions
re shall be carried out at ambient temperature and at a relative humidity from 40 % to 70 %.

bst, allow conditioning of the green coffee bean RSs to ambient temperature.

e adjustment, verify the equipment in accordance with the manufacturer’s instructions.

e verification is necessary to ensure the electronic gauging.
noisture meters with direct reading, select green coffee beans channel.

pach RS, obtain the difference between thé reference sample moisture mass fraction,
ccording to ISO 6673, and the moisture meter reading, wy;, where i is the reference sample nu
cord them as Aw; = wrs; — wy; in the.column headed “Difference” of Table 1.

ilate the average of the differences, Aw, and adjust the moisture meter bias according t
’s operation manual.

Table 1 — Input values to obtain the bias for moisture meter adjustment

Thermometer, range between 0 °C to 120 °C, scale division 0,1 °C, provided the moisture meter does

Moisture meter, equipped with all the accessories specified by the manufacturer. It shall include a

WRSI,
mber

o the

Reference Moisture mass Equipment readin
samplé fraction of a gn sample 9 Difference
R reference sample? P
RSin=1 ...n WRSi Wri Aw; = WRS; — Wri

RS1
RS2

RS(n - 1)
RSn

Aw
a8  The moisture content (or mass fraction loss), wrs;, is obtained using ISO 6673.

6.3 Calibration of moisture meter

6.3.1

For calibration, use the moisture meter after adjustment (6.2).

© 1SO 2012 — All rights reserved
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6.3.2 Take the oven moisture values of the RSs, obtained according to A.2, and insert the figures into the
appropriate wrs; cells in Table 2.

6.3.3 Take a test portion from RS1 in accordance with the equipment manufacturer’s instructions or the
equipment capacity, and pour it into the moisture meter. Record the reading from the equipment in the cell
matching the first row, RS1, and column, wy; 1, of Table 2; this cell corresponds to w1 1.

Provi

ded the equipment requires a defined test portion quantity, use the balance specified in 5.4.

6.3.4 Repeat the the procedure specified in 6.3.3 with the same test portion twice and record the readings in

the s

At least three determinations shall be performed.

bsequent cells which correspond to wyq 2. and w1 3 for RS1

6.3.5| Calculate the arithmetic average of the RS1 readings, wr1,1, wr1,2, and wrq30and regord it in the
corregponding cell of column wy; ;,i=1 ... n;j=1,2,3 of Table 2.
6.3.6| Calculate the experimental standard deviation, s41, of w1 1, wr1 2~and wr1 3 and insert it into the
corresponding cell of column s; of Table 2.
6.3.7] Measure the temperature of the test portion RS1 and record it in the corresponding cegll of column
T; of [Table 2.
6.3.8| Repeat the procedure as specified in 6.3.3 to 6.3.7 with the other reference samples, RSP to RS» and
their test portions.
6.3.9| Determine a correction term, Cy;, to compensate for an estimated systematic effect of moigture for each
wy; mpisture reading by applying Formula (1)
NOTH For an example, see Table D.2.
Table 2 —'Input values to obtain the calibration of moisture meter
Refprence Sample Equipment readings on RSs St'fmt_:lard Reference Moisture meter
temperature - deviation of sample [ -
sgmple Y and corresponding mean . . cofrection
C reading moisture?

RSi T; Wil | W2 | W3 | Wy Si WRSi Cri =WRSi = Wri j

RS1

RS2

RS(n - 1)
RSn

2@  The moisture content (or mass fraction loss), wrsj, is obtained using ISO 6673; see A.2.

6.4 Temperature correction

6.4.1

Calculate the moisture reading correction term, Cr, due to bean temperature (if not automatically done

by the instrument itself) based on equipment manufacturer instructions; otherwise follow steps 6.4.2 to 6.4.5.

© 1SO 2012 — All rights reserved
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NOTE

Some manufacturers provide an automatic temperature correction programme with their instruments.

6.4.2 Determine the moisture content of the RSs with the moisture meter at a given temperature.

6.4.3

moisture meter.

Increase the temperature of the samples by about 5 °C to 10 °C and determine the new values at the

6.4.4 For each RS, take the difference in moisture readings at test temperatures, and the difference of
temperatures, and calculate the respective ratio

A
Si = ﬁ
6.4.5 Calc
Crdue to be
Cr=£&(
NOTE Fd
6.5 Calcu

This approag

Ilate the arithmetic mean of the ratios, & , to obtain the resulting moisture reading‘correction

N temperature.

)

ref _Ts

r an example, see Table D.4.

lation of uncertainty

h is based on that set out in ISO/IEC Guide 98-3:2008.1

When reporfing the result of a measurement of a physical quantity, it is obligatory that some quanti

indication of
an indication
given in a sp

It is therefor
procedure fo
uncertainty.!

The compon

the quality of the result be given so that those who use it can assess its reliability. Without
, measurement results cannot be compared,\either among themselves or with reference v,
ecification or standard.

e necessary that there is a readily. implemented, easily understood, and generally acc
I characterizing the quality of a result*of a measurement, that is, for evaluating and expressi

ents of moisture measurement uncertainty are:

certainty of the (assighed) value of the reference sample;

) sy; using reference material i, with j = 3 repetitions (see 6.3.6);
ertainty type B due to moisture meter accuracy;

brtaintytype B due to moisture meter resolution;

2)

term

©)

tative
such
alues

bpted
ng its

certainty type A.given by the moisture meter readings obtained from the experimental standard

a) Urs;: un
b) srilNj: url

deviatio
C) uBa: UNG
d) ugr:unc
€) upri: und

nrfainfy fypp B due to the fnmlnnrsmm:\ (an 6.4 and D A)

Calculate the expanded uncertainty of the moisture meter, Up,;, for each moisture point i using Formula (4):

oo

RSi
k

2 2
S .
J +[i] +”§a +u§r +u§Ti

V3

)

where k is the coverage factor; generally & = 2 for a probability of 95 %, according to ISO/IEC Guide 98-3:2008.[]

For each individual case, it is necessary to check every possible source of uncertainty.

1)

regression.

4

In most cases, regressions are linear, however, it can prove necessary to apply another type, e.g. quadratic,

© 1SO 2012 — All rights reserved
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6.6 Calibration curves for indirect reading equipment

If the equipment does not give a measurement result directly in moisture content, but as a dimensionless value,
generate a calibration curve by comparing the equipment readings for each sample with the moisture of the RSs.
For a graphic calibration, plot the n values of the reading means, Wrj,j » ON the abscissa against the n values
of sample moisture content, wgg. on the ordinate, with i =1 ... n for the samples and j = 1, 2, 3 for the replicate

readings to obtain the calibration curve.

The calibration curve relates the equipment readings to moisture content (or mass fraction loss) of the
reference samples.

For calculation, a linear regression is suitable in most cases.!

7 Expression of results

The moisture content of a sample, wy,o , determined using a moisture meter which has been calibrated with
the method described in this International Standard, shall be expressed as

szoz(Wr+Cr+CT)iUm (5)

wher:

11

wr is the moisture content meter reading;

r is the correction for the moisture meter reading;

7 is the correction for the moisture meter dueto the temperature;

Um is the expanded uncertainty for the maisture mass fraction in the sample.
All vglues are given as percentage mass'fractions.

NOTH D.6 gives an example of the\final calculation.

© 1S0O 2012 — All rights reserved 5
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Annex A
(normative)

Reference sample preparation and determination of moisture content as

a mass fraction loss

A.1

A.1.1 Deci

A.1.2 Sele
with an initial

NOTE 1 D4
can prove nec
like shape, siz

NOTE2  Sq

coffees to be @nalysed.

A.1.3 Obta
RS, 500 g is
according to

The 500 g m
most comme

A.1.4 Placs

A.1.5 Repe
RSi(i=1...
desired mois
NOTE TH

Differences i
in the range

A.1.6 Placs

Reference sample preparation

e the number, n (n 2 5), of RSs to be used in the calibration process.

Ct the starting material, green coffee beans of single species and homogenepus character
moisture mass fraction between 14 % and 16 %.

bpending on the measurement principle of the moisture meter to be calibratedand the precision requ
essary to perform individual calibrations for coffees of different bulk or intrinsic characteristics of the
e or any steaming pretreatment used.

me moisture meters allow different parallel installations of green<coffee channels, adapted to the sj

n a total mass of green coffee quantity necessary to-pfépare n RSs, i.e. n x 600 g, since, for
required for the moisture meter and an additional\100 g for the replicate moisture determina
ISO 6673.

ass is recommended due to mass loss during the drying process, taking into consideratio
rcially available moisture meters accept.up to 400 g.

E one sample portion in the oven (5:5) at a temperature of 40 °C + 2 °C. After drying, label it

at the same procedure of A.1.4 with the other RSs, applying different drying times to obta
) series with different moisture contents. Label the subsequent RSs as RS2, RS3 ... RS»n un
fure range is covereg:

e validated masg-fraction range with ISO 6673 is 8,5% to 13,5%.

n moisture cenhtent, Aw, as percentage mass fractions, between two consecutive RSs shoy
D,7 < AmE 1,3.

b each RS separately into an airtight container or a self-sealing double plastic bag and store

stics,

red, it
eans,

ecific

each
tions

n that

RS1.

n the
til the

Id be

them

for 72 h to al

owra hnmngpnnmlc maisture distribution throl |ghn||f each RS to be achieved

A.2 Determination of oven moisture content (mass fraction loss)

A.2.1

When ready, take from each of RS1, RS2 ... RSz at least three test portions to perform the procedure in

ISO 6673:2003, Clause 7. Mark each test portion as O1 1, O12, O13, 021, 022, 023 ... 0,1, O, 2, O, 3, Where
O denotes “oven”.

A.2.2 Determine the moisture content (or mass fraction loss) of RS1 in accordance with ISO 6673. Use
Table A.1 to record the values wq, ., wo, ,,and wg, , In the appropriate mass fraction columns.

© 1SO 2012 — All rights reserved
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A.2.3 Calculate the arithmetic mean of the three values for RS1 obtained in A.2.2, and record it in
Table A.1, column wgg; -

A.2.4 Calculate the standard deviation, 504 of WO, 40 WO, , ,and W0, 5 and record itin Table A.1, column sRrs;.

A.2.5 Calculate the standard uncertainty, u1, of wg, ., wo, and wo,, as uq= so1/\/§ and record it in

Table A.1, column u;,

A.2.6 Calculate the expanded uncertainty: Urs1 as ku1 and record it in Table A.1, column URs;.

A.2.71 Repeat the procedure specified in A.2.2 to A.2.6 with RS2 to RSn.

NOTH Table B.1 gives an example of the use of Table A.1.

A.2.§ Pack the remaining material from each RS in an airtight container or a selfisealing doubl¢ plastic bag.
Labe| them as specified in A.3.

A.2.9 Ifthereis adelay between oven moisture determination and usage ofthe RSs for moisture metgr calibration,
a re-¢hecking of oven moisture may become necessary. The expiry time,depends on storage conditions.

A.3| Reference sample labelling
The Ipbels for the reference samples shall clearly indicate:

a) the coffee species (e.g. Coffea arabica or C. canéphora);

b) whether decaffeinated or non-decaffeinated;

C) e moisture content of each reference-sample and the standard method used to determine |t;

d) e uncertainty of reference sample-moisture content;
e) e date of reference sample-preparation;

f) e expiry time of the reference sample.

© 1S0O 2012 — All rights reserved 7
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Annex B
(informative)

Example for moisture determination of samples to serve as reference

B.1 Example for reference sample moisture data processing

The iollowing table gives real case data for moisture determination of a set of samples to bé [cpnsidered as
refergnce samples (RS) as described in Annex A, and the resulting parameters. The data werq obtained as
loss in mass according to ISO 6673, at a lab participating in the test.

© 1S0O 2012 — Al rights reserved 9
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The ¢alibration method has been evaluated in several interlaboratory tests.

For tge moisture determination procedure, the first ring test was run in parallel to the workforthe
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Annex C
(informative)

Results of interlaboratory tests

Interlaboratory tests, moisture determination with ISO 6673

bublication of

ISO $673:2003. The ring test validation originally covered the mass fraction range 8,5 % to 11,4|%; Table C.1
shows the results.
Table C.1 — Results of the interlaboratory test in accordance with ISO 6673
Sample
Parameter
A B Cc D E
No. ¢f laboratories retained after eliminating outliers 13 13 13 13 13
Meah, % mass fraction 8,50 9,11 9,14 11,10 11,40
Standard deviation of repeatability, s,, % mass fraction 0,09 0,04 0,06 0,09 0,12
Coeffficient of variation of repeatability, % 11 0,4 0,7 0,8 11
Repégatability limit, » = 2,8 x s,, % mass fraction 0,25 0,11 0,17 0,25 0,34
Standard deviation of reproducibility, sz, % mass fraction 0,21 0,42 0,33 0,19 0,22
Coeqficient of variation of reproducibility, % 2,5 4.6 3,6 1,7 1,9
Reptloducibility limit, R = 2,8 x sg, % mass fractign 0,59 1,19 0,93 0,54 0,62

For the purpose of this International, Standard, an expansion of the ISO 6673 validation range f

of magisture meters was necessary! This was done in the context of the work on this International

Samples with the various_moistures required for the test were prepared from one starting materi

to A.1, and distributed to.the nine laboratories willing to participate in the calibration ring test.

The ipternational ring\test was performed in 2002. The results and precision data on the moisture g

accofding to A.2tare given in Table C.2, expanding the validated range to 13,5 %.

Table C.2 — Interlaboratory test 2002: moisture determination by using ISO 667
(moisture mass fraction range 9,37 % to 13,52 %)

br calibration

Standard.

al, according

etermination

3

Sample
Parameter

01 02 O3 04 Os
No. of laboratories retained after eliminating outliers 7 7 7 7 7
Mean, % mass fraction 13,52 12,53 11,42 10,52 9,37
Standard deviation of repeatability, s,, % mass fraction 0,11 0,08 0,06 0,10 0,14
Coefficient of variation of repeatability, % 0,8 0,6 0,5 1,0 1,5
Repeatability limit, » = 2,8 x s,, % mass fraction 0,31 0,22 0,17 0,28 0,39
Standard deviation of reproducibility, sz, % mass fraction 0,12 0,13 0,13 0,14 017
Coefficient of variation of reproducibility, % 0,9 11 11 1,3 1,8
Reproducibility limit, R = 2,8 x sg, % mass fraction 0,34 0,36 0,36 0,39 0,48

© 1S0O 2012 — All rights reserved 1
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D.1

Annex D
(informative)

Examples for separate steps of the procedure

General

Tables D.1 tg
data, obtaing

The tables a

Data are use
of 0,3 % stat

The tabulate

D.2 Adjustment of moisture meter according to 6.2

See Table D

For this moig

D.3 Cali
See Table D
D.4 Cor

The moisture

Table D.3 is
calibration rg

D.5 Calc

manufactuirer’s manual

See Table D

bd by the manufacturer, which is to be calibrated with reference materials-described in Anng

i data show the procedural steps.

D.6 give examples for the specific use of this International Standard step by step, with réal
d during the ring tests and from manufacturers’ calibration certificates.

e cross-referenced to the respective steps of the procedure.

d from a moisture meter (A) of the test series, which has a resolution of 04, % and an acc

1.

ture meter, the bias was determined as —1,4 %.

bration of moisture meter according'to 6.3

2.

rection table constructed over the range of a calibration
correction terms can be displayed in a correction table.

constructed from a real gase example, taken from a moisture meter (A) in the test, run at 21
nge 9 % to 13,5 %:

ulation of.temperature correction according to 6.4, procedure following

4.

The sensitivi

The tempera

y coeiticient of temperature 1s determined 10 be 0,035 7 mass traction/"C.

ture correction at sample temperature, Ts, is to be calculated as

Cr=0,03 x (21,8 °C — Tz)

See Table D.

2.

D.6 Calculation of expanded uncertainty

case

iracy

x B.

The calculation of uncertainty components for each of the reference samples is summarized in Table D.5.

The resulting expanded uncertainty given by Formula (4) is listed in Table D.6 for each of the samples.
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D.7 Expression of results

With the previously mentioned moisture data, a sample temperature, Ts, of 25 °C, and a meter reading of 9,6 %,
the corrected moisture value of the sample is calculated as follows:

WH20 =(WI' +CI‘ +CT) iUm
W0 = (9.6+0,1+0,1) £0,4

resulting in the mass fraction

MHzo = (9,8i0,4) %

Table D.1 — Determination of the bias of the moisture meter for adjustment

Reference sample Moisture m;;z fraction in Equipmerl;tsr:ading on Difference
RSi WRS; Wri Aw; = WRS; — Wr;
RS1 8,88 10,1 12
RS2 9,63 10,9 -13
RS3 10,99 12,4 14
RS4 11,76 13,4 -16
RS5 12,49 13,9 -14
RS6 13,66 15,0 -13
Aw 1|4

Table D.2 — Input values to obtain the calibration of moisture meter

Sample Standard Oven Moisture
Reférence P Equipment readings on RSs and .. moisture of
T’n temperature i deviation of meter
sample N corresponding mean - reference .
C readings correction
samples
RS Ts Wr1 Wr2 Wwr3 W_rl §i WRSi Cri
RS1 2457 8,7 8,7 8,6 8,67 0,06 8,88 0,21
RS2 21,9 9,5 9,6 9,6 9,57 0,06 9,63 0,06
RS3 21,8 11 10,9 111 11,00 0,10 10,99 -0,01
RS4 21,9 11,7 11,9 11,9 11,83 0,12 11,76 -0,07
RSE 24,6 128 127 124 1257 045 1249 -0,08
RS6 21,7 13,7 13,8 13,6 13,70 0,10 13,66 -0,04
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