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Abstract. Four different moisture content meters were calibrated by using the air oven as a reference for
calibration and using wheat. The brand names of these devices are Tecator (Sinar moisture system), Dole
400 (moisture tester), Protimeter (Moisture meters for cereals), and Infratec (Grain Analyzer). Samples
of wheat (Yecora Rojo) were run in every moisture meter and in the oven. Moisture content (m.c.) range
was from 7 t0 22%.

Calibration curves were constructed for these meters. For each meter, an equation for calculation of
corresponding oven moisture content at any moisture level was established. According to the statistical
analysis using LSD test, it was found that there is no significant difference between the oven and Sinar
moisture system, Infratec grain analyzer, and Dole 400 moisture tester while there was highly significant
difference between Protimeter, moisture meter for cereals and the oven.

Introduction

Calibration of a moisture meter involves matching its moisture measurements with
a reference — method moisture value on the same sample. The simplest calibration
method is manual look-up charts. The meter displays the value of grain moisture con-
tent. The operator consults a chart or an equation to determine percent moisture in
the oven.

Users object to chart machines on the basis of the extra effort and the time
required. Grain buyers and sellers prefer to measure the grain moisture values

directly.

The use of these meters has become a common practice in the last 40 years. The
Motomco 919 meter was accepted as the official meter of the USDA in 1962 [1].
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In regard to the accuracy of moisture meters, there is a limit to their accuracy.
Almost all inaccuracies or random errors arise because of the variability in the grain,
not weaknesses in the meters. Hurburgh [2] calibrated four trade-type meters with
respect to the oven. At 15.5% wet basis m.c. in corn, for example, he expected ran-
dom variations of up to + 0.8 points of moisture content in a single test. Hurburgh
mentioned that averaging test results are across several samples a big help in reduc-
ing a random error. He also found that random errors in soybean testing are about
half of those in corn at the same moisture content. Portable meters, like those used
on farms, are about 1.5-2.0 times as variable as trade-type meters, at the same mois-
ture content [2].

Reference method for calibrating moisture meters

Because a moisture meter measures a property affected by water content, it
requires calibration to a reference method capable of extracting water from samples.
The meter is an indirect method of moisture measurements as opposed to the refer-
ence method which measures moisture directly.

The American Society of Agricultural Engineers (ASAE) - physical properties
of agricultural product committee approved the measurement of moisture for grain
and seeds in 1972 and revised it in 1982. For unground whole wheat moisture mea-
surement, the committee stated oven method for 19 h period at 130°C, [3].

Objectives

The specific objectives of this study are:

1) To determine the variability between the recent developed moisture meters and
the oven.

2) To construct calibration curves and equations for these meters to simplify their
use in determining wheat (Yocora Rojo) moisture content,

Experimental Methods

The experiment was conducted in 1994 in the grain quality laboratory which
belongs to the Agricultural Engineering Department, College of Agriculture and
Veterinary Medicine in Al-Qassim. Four moisture meters were purchased, namely,
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Tecator (Sinar moisture system), Dole 400 (moisture tester), Protimeter (moisture
meters for cereals), and Infratec (grain analyzer). Procedures of using these meters
were followed as described in their corresponding operating manuals.

Oven method

Moisture in oven is removed when grain is exposed to hot dry air. In any oven
method, it is assumed that, at the end of the drying period, the entire mass of water
present initially has been removed. It is also assumed that no other constituents of
the grain have been driven off. As mentioned before, ASAE standard of unground
whole wheat moisture measurement in the oven is at 130°C for 19 h.

Wet basis moisture percentage in the oven, MC(%), is calculated using the fol-
lowing form™*:

W, —W
OVCH,MC(O/O) = —'—W_ X 100 (1)

where

W, = initial weight of sample.
W, = final weight of sample after 19 h.
W = tare weight of dish.

* All moisture contents used in this study are expressed as a per cent of wet basis.

Procedures

Thirty-six kilograms of hard wheat (Yecora Rojo) sample (7% moisture) were
brought to the lab from the wheat production of 1993. The amount was divided into
36 subsamples, each weighing 1 kg. These samples were split into 12 groups, each
group having three replicates. Different moisture content in each group was
obtained by spraying the grain with water to the required moisture level. Procedures
of equilibration are as follow:

1) Determination of initial grain moisture content by oven

2) Calculation of water content to be added in order to reach to the required mois-
ture level
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3) Adding the required water to the sample interval

4) After adding the whole amount of water, sample was put in plastic bag and left
for 24h with shaking to make sure of a good mixing and to obtain the required
moisture level inside the grain; thus the moisture will not be only on the outer

- surface but uniformly distributed throughout the particles of grain.

The average of moisture content measured by the oven for three replicats in
each group, was 7.27, 8.17,10.62, 12,1591, 16.09, 16.7,17.14, 17.7, 18, 21.64, and
22.16% and standard deviation for each was 0.05, 0.06, 0.04, 0.53, 0.07, 0.04, 0.05,
0.04, 0.02, 0.09, 0.08, and 0.04, respectively. In each group, sampies were divided
into five parts. Three replicats were taken for each part. These parts were put at the
same time in the different moisture measurement methods; one in the oven (15 g.),
one in the Tecator model (300 g.), one in the Dole 400 model (150 g.), one in the pro-
timeter model (10 g.), and one in the Infratec grain analyzer (500 g.) Grain moisture
content was then obtained from each replicate in each group and each method.
Statistical analysis system (SAS) software was used to analyze the data of this exper-
iment. Least Significant Test (LSD) statistical test was applied to conipare the means
of moisture content in each meter.

Results and Discussion

Average experimental moisture content and standard deviation in each mois-
ture measurement method are shown in Table 1. According to this table, variability
in the meters ranged from .003 to .524. In moisture meter for cereals, variability was
the highest compared with other meters. The average standard deviation in moisture .
meter for cereals was 0.25 while the average standard deviations in Sinar moisture
system, Infratec grain analyzer, and moisture tester were 0.15, 0.16, and 0.13,
respectively. According to the statistical analysis using LSD test (Table 2), it was
found that there is no significant difference between the oven and Sinar moisture sys-
tem, Infratec grain analyzer, and Dole 400 moisture tester while there was highly sig-
nificant difference between Protimeter, moisture meter for cereals and the oven.

Calibration curves were constructed for these meters. With each meter, linear
and nonlinear equations with respect to the oven were tested in order to find out the
best of line fit. Equations were developed as follow:

1) Raw data of moisture content from the devices and oven were inserted into
Grapher program. The program can determine R? and more than one mathematical
relationship such as:



Table 1. Average moisture content of oven vs. experimental and predicted moisture content and standard deviation for different moisture content testers

Ovendata
Instrument name
7.3 8.2 10.6 12.0 15.9 16.1 16.7 17.1 18.0 18.0 21.6 22.2
Sinar Experimental 7.7 8.1 10.1 * 12.2 14.2 14.0 14.2 15.4 15.4 15.3 214
moisture
system Predicted 7.0 7.7 11.0 * 16.2 15.9 16.2 16.9 17.3 17.3 21.6 22.4
SDP 0.12 0.26 0.19 * 0.15 0.08 0.25 0.12 0.35 0.35 0.4 0.10
Infratec Experimental 6.7 7.4 10.8 13.0 17.0 17.1 17.2 17.3 18.1 18.1 * 21.2
grain
analyer Predicted 7.5 7.9 10.3 12.1 16.5 16.6 16.7 16.9 18.0 18.0 * 22.7
SD 0.13 0.13 0.15 0.07 0.29 0.27 0.02 0.12 .013 0.01 * 0.26
Moisture Experimental * * 13.3 15.5 17.0 16.7 16.7 17.1 17.7 17.7 * 23
meters for
cereals Predicted * * 10.4 13.2 16.2 15.6 15.7 16.5 17.7 17.7 * 219
SD * * 0.06 0.52 0.15 0.49 0.49 0.21 0.12 0.12 * 0.37
Moisture  Experimental * 8.0 * 12.4 * 14.5 * 16.7 16.4 16.4 * 219
tester
Predicted * 8.1 * 12.3 * 15.4 * 17.6 18.0 18.0 * 211
SD * 0.02 * 0.17 * 0.36 * 0.20 .003 .003 * .009

*: Date were not taken

a; Moisture content, wet basis

b: Standard deviation of the moisture content from the instrument

** JUOIUOY) SINISIOJ UIRIC) JO UONRIQIED)

g6l
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Table 2, Statistical analysis for the instruments of measuring moisture content

Instrument Moisture content means Standard deviation
Oven 15.28 ~ 4.81
Dole 400, moisture tester 14.89n.s 4.63
Sinar moisture system 13.92n.s 4.19
Moisture meter for cereals 17.29** 2.39
Infratec grain analyzer 12.07n.s 2.95

n.s No significant comparison with the oven

** Highly significant comparison with the oven

a) Linear b) Logarithmic c) Exponential
d) Power e) Plynomial f) Cubicspine

2) Model which gave higher R? value was selected.

3) New data from the above model was transfered into the Quattro program.
Regression equation from the new data and the data of the oven was established.
This equation was combined with the equation which was shown in the figure. This
equation was considered as the best fit.

Figure 1 shows the calibration curve for Dole 400, the moisture tester. The equ-
ation for this curve was:

Oven, MC(%) = 20.33 — 4.01 X + 0.38 X2 — 0.01 X3 (2)

where X represents the moisture measurement in the meter, wet basis. Correlation
coefficient, R?, was 99.3 which indicates a very good agreement with the oven

method. Figure 2 shows the calibration curve of sinar moisture system. The equation
for this curve was:

Oven, MC(%) = 14.87Ln X — 23.13 3)
Correlation coefficient was 99.5 which also indicates a very good agreement with the

oven method. Figure 3 shows the calibration curve of Infratec grain analyzer. The
equation for this curve was:
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Oven, MC(%) = 0.38 + 3.07 "X 4)

Correlation coefficient was 99.5 which indicates a very good relationship with the
oven method. Figure 4 shows the calibration curve of moisture meter for cereals. The
equation for this curve was:

Oven, MC(%) = 175.89 — 32.6 X + 2.05 X2 —-0.04 X3 (5)
Correlation cocfficient was 96.8.

From the previous curves, it should be now very easy to predict the moisture
content in the oven by measuring the moisture content of wheat in any device by
either using the plot or the equation. This calibration will save a lot of time and at the
same time you will get very accurate results. As mentioned previously, the oven
method requires 19 hours while in these meters the measurement will take only few
seconds.
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Fig. 1. Calibration curve for Dole 400, moisture tester.
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Fig. 2. Calibration curve for Sinar moisture system.
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Fig. 3. Calibration curve for infratec grain analyzer.
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Fig. 4. Calibration curve for moisture meter for cereals.

References

[1]1 USDA. Official Grain Standards of the United States. U.S. Department of Agriculture, Consumer
and Marketing Service, Grain Division, (1962), 4-5.

{2] Hurburngh, C.R. “Probe Sampling of Corn.” ASAE Paper No. 84-3019. St. Joseph, MI:ASAE,
(1984), 1-13.

{31 ASAE. Standards of the ASAE. Moisture Measurement-Grain and Seeds, $352.1. St. Joseph,
MI:ASAE, (1986), 90-92.



200 S.A. Al-Yahya

geoild (g sb N (g goddl kS 3 5 lne

el padis Oleh
(el gl CLally ety N LIS (Lol I Dwid] o deldl SEYI
(A1 E10/A/T J 2ll Ly a1 $16/11 /1P i 2,9)

xS (Sl O plasnaaly b Il (g gl ) Bl 5l sl 8 plan o5 Lol sl
(Sinar moisture system) Py AW :‘étﬂs o s W add dyylncll £l Y1 C‘-w‘fu-."-:“"} i plaald
(Infratec grain CJ.J\ me ¢ (Moisture meter for cereals) s.es s « (Moisture tester) g0 J 95 ¢
Sy g5 N Sy o c«.dlu,aul..»l! Sliald b I gyt o5 3 Slgr JS Q. analyzer)
@b rodl . (A O A ety Sloallada b8 o5 o3 e YN Y g B e 554
WA A SR RT S U C‘-’-l*“tc-;r:é-u‘ gl

4 dolst Uslne o Ikt o5 ler JS 550201 eVsn IS0 5kl ol sL] o5
LS O e LS'U‘ ol skl sl iy Sl LiSley L b e Sl
iyl g 5 95 Sy sk M g amdl i) 031 r\.bw\ v g DBy -\:-y'l ¢LJL~4>-
JLGJ-}‘S)!):L‘ Ol G ng}ls_,.a.l\ uﬂudajdudmbjf.)u Ol dzg aSs ¢ g0 0 Jasy
Feasis



