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METHOD OF PROMPT MEASUREMENT OF MOISTURE
CONTENT IN FOOD

Pawel Janus

Abstract: An original method and design of a sensor for electrical measurement of moisture
content in comminuted food was presented. Equations were formulated presenting the de-
pendence of electrical resistance of the tested sample on the resistivity (specific resistance)
of food as well as the dependence of electrical capacitance of the investigated sample on the
permittivity of food. Experiments were carried out on the measurements of moisture content
in wheat flour and potato starch serving as examples. The results of these measurements
were compared with the results obtained using the conventional gravimetric analysis. The
time of moisture content measurement was 3 to 5 s, and the time it took to prepare the sam-
ple was not longer than 60 s. The advantage of the method is that the density of the investi-
gated food sample does not affect the measurement results of moisture content.
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INTRODUCTION

Conventional methods of measuring moisture content in food products, including
the gravimetric analysis [Adler 1971, Barytko-Pikielna 1985, Pabis 1980] are still used
in some analytical laboratories [Domagata and Janus 1991, Lapinski et al. 1978, Riib
1984], in spite of the fact that they are time-consuming [Domagata 1983, Gildemeister
and Raeuber 1986, Spicer 1974, Strumilto 1985, Stuchty and Kraszewski 1976]. For
example, the measurement of moisture content in dried potato food products with the
gravimetric method takes 3 to 5 hours [Domagata 1985]. The duration time of the mois-
ture content measurement may be shortened if specific electric methods, such as for
example resistance or capacitance ones, are used [Domagata 1985, Gildemeister and
Raeuber 1986, Lapinski et al. 1978, Spicer 1974, Stuchty and Kraszewski 1976].

Electric methods of measuring moisture content in various materials are comprehen-
sively described in literature. However, there is little data pertaining to the measure-
ments of moisture content in food products [Lapinski et al. 1978, Strumitto 1985,
Zander 1987]. It is probably due to the fact that electric sensors used to measure mois-
ture content in food products are still not truly accurate or reliable [Domagata 1985,
Gildemeister and Racuber 1986], since electric properties of food have not been thor-
oughly investigated yet [Pabis 1980, Spicer 1974].
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In the process of designing and constructing sensors measuring moisture content in
specific food products it is necessary to know the electric properties of food. The sensor,
the design of which is presented in this article, was based on the results of investigating
the effect of moisture content in some food products on the changes in their resistance,
capacitance and permittivity.

MATERIAL AND METHOD

The section of the sensor with integrated elements 1, 2, 4 and 6 is presented in Fig. 1.
These elements are shown in Fig. 2 a as disassembled, Fig. 2 b as partly assembled, and
Fig. 2 ¢ as assembled. In the latter ones (b, c), samples of food are marked.
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Fig. 1. Sensor for measuring moisture content in solid food products: 1 — stand, 2 — element with the
lower electrode, 3 — metal electrode, 4 — container for the tested food sample, 5 — metal electrode, 6
— element with the upper electrode, 7 — metal disk, 8 — metal bracket, 9 — screw pressing the elec-
trodes to the tested sample, 10 — screw arm, 11 — sensor of sample thickness, 12 — cantilever regulat-
ing the position of the dial indicator, 13 — rod to which the sensor of sample thickness is attached, 14
— input to the upper electrode, 15 — input to the lower electrode 16 — base of the sensor

Rys. 1. Czujnik do pomiaru wilgotno$ci artykutéw zywnosciowych w stanie statym: 1 — podstaw-
ka, 2 — element z dolng elektroda, 3 — elektroda metalowa, 4 — pojemnik na badana probke zyw-
nosci, 5 — elektroda metalowa, 6 — element z gorng elektroda, 7 — krazek metalowy, 8 — wspornik
metalowy, 9 — $ruba dociskajaca elektrody do badanej probki, 10 — ramig $ruby, 11 — czujnik
grubosci probki, 12 — wspornik regulujacy potozenie czujnika zegarowego, 13 — pret do zamoco-
wania czujnika grubosci probki, 14 — wejscie do gornej elektrody, 15 — wejscie do dolnej elektro-
dy, 16 — podstawa czujnika
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Fig. 2. Structural elements of the container for food samples: a) disassembled, b) partly assem-
bled, c) assembled: 1 — stand, 2 — element with the lower electrode, 3 — metal electrode, 4 — con-
tainer for the tested food sample, 5 — metal electrode, 6 — element with the upper electrode, 7 —
metal disk, s — food sample

Rys. 2. Elementy sktadowe pojemnika na probke zywnosci w stanach: a) roztozonym, b) pétzio-
zonym, c) ztozonym: 1 — podstawka, 2 — element z dolna elektroda, 3 — elektroda metalowa, 4 —
pojemnik na badang probke zywnosci, 5 — elektroda metalowa, 6 — element z gorna elektroda, 7 —
krazek metalowy, s — probka zywnosci

Elements 1, 2, 4 and 6 are placed under screw 9 (Fig. 1) which is used to change the
rotary motion of arm 10 into the straightline motion. By screwing the screw 9 in, the
pressure on the tested sample of food is increased (this sample is not marked in Fig. 1).
The sample may be compressed to a desired thickness. Sensor 11 indicates the thickness
of the sample. Electrodes 3 and 5 (5 and 8 mm thick, and 40 mm in diameter) were
selected empirically.

One of the advantages of the method presented above is the fact that measurements
of moisture content of the examined food may be taken at the constant density of sam-
ples. Constant density may be obtained at equal weights and thickness of the investi-
gated samples.

The sensor works most efficiently with automatic bridges of electric resistance or
capacitance, in which the bridge display indicates the value of moisture content for the
examined food product. The duration time of moisture content measurement is 3 to 5 s,
and the time it takes to prepare a sample for the measurement does not exceed 60 s.

The term “moisture content” used in this article denotes the percentage content of
moisture in an examined food sample, referring to the moist sample. This definition is
described by the following equation [Adler 1971]:

X =1 100 [%] (1)
m

in which: X — moisture content, %, m,, — weight of water in the investigated sample, g,
m — weight of the moist sample, g.

Technologia Alimentaria 1(2) 2002
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Resistance R for the investigated food sample is described by the following depend-
ence:

R=p-— [Q] (2)

in which: p — resistivity (specific resistance) of the investigated sample, O-m, d — thick-
ness of the sample, m, S — surface of the sample, m”.

In case of the designed sensor, d/S equals 31.8 m™. After substituting this value into
equation (2), the following expression is obtained:

R=318-p [Q] 3)
Capacitance C of the examined sample is described by the following equation:
€S
C=—v F 4
3 [F] “)

in which: ¢ — permittivity of the tested food, F/m, S — surface of the sensor electrodes,
m?, d — thickness of the sample, m.

For the sensor in question, S/d equals 31.4 - 10~ m. After S/d = 31.4 - 10” m is sub-
stituted into the equation (4), the following expression is arrived at:

C=0.0314-¢ [F] )

Permittivity of the examined food is expressed in the form of the following depend-
ence:

=8 & [F/m] (6)

in which: g, = 8.854-1012 - permittivity of vacuum, F/m, ¢, — specific inductive ca-
pacity of food.

After rearranging, the following formula for specific inductive capacity is obtained
on the basis of equations (5) and (6):

&=3.6-1012-C )

On the basis of the dependence (7), it is possible to determine specific inductive ca-
pacity of the tested food product depending on its moisture content, since capacitance C
is the function of moisture content X.

For this article only the results of studies on moisture content in wheat flour and po-
tato starch were selected out of many other investigated food products.

Samples of food with varying moisture contents, which were prepared in the cli-
matic chamber, were used in the experiments. The tests were repeated 6 times at the
frequency of 1 MHz and the temperature of samples 18°C.

Moisture content of the prepared samples was measured using resistance and capaci-
tance methods, and it was compared with the results obtained with the gravimetric
analysis. The density of all the studied samples was constant and equaled 99.6 kg/m’.
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RESULTS AND DISCUSSION

Results of measurements of moisture content in the investigated food products using
resistance and capacitance methods are presented on Figures 3 and 4. Figure 3 — wheat
flour, Figure 4 — potato starch.
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Fig. 3. Moisture content and the values of electric properties of wheat flour: R and C — electric
resistance and capacitance measured with the RC electric bridge, X — sample moisture content
measured using the RC electric bridge, X — sample moisture content determined with the gravim-
etric analysis, a) R = f(X), b) C = g(X), ¢) X =h(X)

Rys. 3. Wilgotno$¢ i wartosci wielkosci elektrycznych maki pszennej: R i C — rezystancja i po-
jemno$¢ elektryczna mierzone za pomoca mostka RLC, X — wilgotno$¢ mierzona za pomoca
mostka elektrycznego RLC, X’ — wilgotno$¢ probki oznaczana grawimetrycznie, a) R = f(X),
b) C = g(X), ¢) X’ =h(X)
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The results indicate that resistance R changes in a linear way in the function of
moisture content X in food (Fig. 3 a and Fig. 4 a) and electric capacitance C changes in
a linear way in the function of moisture content X in food, too (Fig. 3 b and 4 b). For
this reason, this approach may be used to measure moisture content X in food without
reservations in a wide range of values.
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Fig. 4. Moisture content and the values of electric properties of potato starch: R and C — electric
resistance and capacitance measured with the RC electric bridge, X — sample moisture content
measured using the RC electric bridge, X — sample moisture content determined with the gravim-
etric analysis, a) R = f(X), b) C = g(X), ¢) X =h(X)

Rys. 4. Wilgotno$¢ 1 wartosci wielkosci elektrycznych skrobi ziemniaczanej: R i C — rezystancja
1 pojemno$¢ elektryczna mierzone za pomoca mostka RLC, X — wilgotno§¢ mierzona za pomoca
mostka elektrycznego RLC, X’ — wilgotno$¢ probki oznaczana grawimetrycznie, a) R = f(X),
b) C = g(X), ©) X* =h(X)
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Moisture contents X, measured with the use of electric methods, were compared
with the values of moisture contents X’, determined with the use of gravimetric analysis
(Fig. 3 ¢ and 4 ¢). The differences fall within the + 0.1% range.

The regression equations for wheat flour (Fig. 3):

— electric resistance R =—0.3843X + 13.663, r* = 0.9818, Syx =0.12808 (Fig. 3 a),

— electric capacitance C = 0.225X — 0.007, =1, Syx =0.002908 (Fig. 3 b),

— moisture determined with the gravimetric analysis X’ = 0.9943X + 0.1059, r* =
=0.9983, S, = 0.098895 (Fig. 3 c).

The regression equations for potato starch (Fig. 4):

— electric resistance R = -0.2285X + 10.929, * = 0.9937, Syx = 0.044056 (Fig. 4 a),

— electric capacitance C = 0.2238X + 0.028, 2 =0.9996, Syx=0.011104 (Fig. 4 b),

— moisture determined with the gravimetric analysis X’ = 1.0098X — 0.2133, 1* =
=0.998, S, = 0.080915 (Fig. 4 c).

CONCLUSIONS

1. One of the advantages of the method presented above is the fact that measure-
ments of moisture content of the examined food may be taken at the constant density of
samples.

2. Measurements of moisture content with the method presented here have to be per-
formed at constant temperature and constant density of the tested food sample. A system
of temperature compensation needs to be used for samples with different temperatures.

3. In the presented method, a constant density of the investigated sample is obtained
using at all times identical mass and thickness of the sample.

4. Each newly developed sensor based on the electrical method of moisture content
measurement needs to be tested, since the measurement results are affected by e.g. the
size of sensor electrodes, and the density and thickness of the investigated food sample.
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METODA SZYBKIEGO POMIARU WILGOTNOSCI W ZYWNOSCI

Streszczenie: Zaprezentowano oryginalng metode i konstrukcje czujnika do elek-
trycznego pomiaru wilgotnosci w zywno$ci w stanie rozdrobnionym. Opracowano row-
nania przedstawiajace zalezno$¢ rezystancji elektrycznej badanej probki od rezystywnos$ci
(oporu wlasciwego) zywnosci oraz zalezno$¢ pojemnosci elektrycznej badanej probki od
przenikalnosci elektrycznej zywnosci. Badania przeprowadzono na przyktadzie pomiaru
wilgotnosci maki pszennej i skrobi ziemniaczanej. Wyniki tych pomiaréw poréwnano z
wynikami otrzymanymi za pomoca konwencjonalnej metody grawimetrycznej. Czas po-
miaru wilgotnosci stanowit 3 do 5 s, a czas przygotowania probki do pomiaru nie przek-
raczal 60 s. Zaleta metody jest to, ze gestos¢ badanej probki zywnosci nie ma wplywu na
wynik pomiaru wilgotnosci.

Stowa kluczowe: wilgotnos$¢, elektryczny opor wiasciwy, pojemnos¢ elektryczna, czujnik
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