Moisture determination in starch-rich food products
by pulsed nuclear magnetic resonance

Brosio E., Conti F., Lintas C., Sykora S.

Journal of Food TechnolodyB, 107-116 (1978)

This copy, scanned from an author’s reprint, is intended for personal use only.
Other uses require permission of Blackwell Scientific Publications

Other works by Stan Sykora can be foundraiv.ebyte.it

Abstract:

The possibility of applying the low resolution pulsed NMR technique tcstone
determination in starch-rich low-fat food products is described. Ther wantent of

the samples is measured from the liquid to solid ratio. The evatuafithe ratio
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Summary

The possibility of applying the low resolution pulsed NMR technique to
moisture determination in starch-rich low-fat food products is described.
The water content of the samples is measured from the liquid to solid ratio.
The evaluation of the ratio depends upon the way of extrapolating the free
induction decay (FID). The values of the extrapolation coefficients for the
liquid and solid phases are measured and their dependence upon the sample
water content is given. The method of standard addition for converting the
percentage of moisture obtained in terms of hydrogen content to percentage
in weight is described. The error statistical analysis is also reported.

Introduction

The technique of pulsed low-resolution nuclear magnetic resonance (NMR)
can be used conveniently to distinguish between liquid and solid phases in a
variety of samples (Van Putte & Van den Enden, 1973, 1974; Hester & Quine,
1976). The main advantages of the technique are the rapidity of the deter-
mination, the possibility of automation and, mainly, the fact of being non-
destructive.

The purpose of the present paper is to show the applicability of the method
to moisture determination in a variety of foodstuffs, rich in starch but very low
in fat content. In particular, the following samples were studied: wheat flour,
durum wheat semolina, corn flour, rice flour, ground whole rice, ground
barley, potato starch, ground beans, ground and whole lentils, pasta made
from 100% semolina and from 100% flour, gluten enriched pasta, and different
types of bread.

For detailed information about the technique of pulsed NMR, the reader is
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referred to specialized literature, e.g. Farrar & Becker (1971); only its most
relevant aspects will be summarized below.

The NMR signal is due to the magnetic moments of the protons present in
sample. The protons are excited by a very short pulse of radiofrequency (RF).
After the end of the pulse, the protons give rise to a decaying signal, called the
free-induction decay (FID), the duration of which varies from a few tens of
microseconds for solids to a few milliseconds (limited by the homogeneity of
the magnetic field) for liquids. The total signal, just at the end of the pulse,
is proportional to the number of protons in the measured volume. As an
example, Fig. 1 shows the FID of a sample of flour, At the time ¢ = 0, a trigger
starts the experiment. After a certain instrumentally-fixed delay, 8, the RF
pulse, of an adjustable duration p, begins. Typically, p is 4—5 usec. After the
pulse, the receiver is always inhibited for a certain period of time d, usually
called dead-time. Therefore, the signal can be registered only subsequent to a
time f = 6+ p+d. Since it is rather rare and impractical to digitize the whole
FID, given the enormous difference in the decay rates between the solid and
liquid signal, it is customary to sample the signal only at two points, placed
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Figure 1. Free induction decay of (FID) of a flour sample.
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Figure 2. Schematic representation of the FID due to a solid phase and a liquid
phase rapidly decaying.
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at times G  and G ;. Thisis accomplished by electronic sample-and-hold circuits
piloted by DC pulses positioned at the desired times.

The signal T, sampled at time Gy, (see Fig. 2) however does not coincide
with the total signal T at the end of the pulse. The value of T can be obtained
either by extrapolation based on the two digitized FID or by a semi-empirical
extrapolation based on the two values L and T, as described below. Once T
is known, the relative amount of the liquid phase, measured in terms of hydrogen
content, is simply L/T. Since the differences S=T —L and S =T — L are both
proportional to the content of the solid phase, it is possible to write

S=f.S (1)
where f, is an empirical coefficient. Obviously, f; depends upon the nature of
the solid phase (i.e. the rate at which the solid phase signal decays) and on the

position of the gate G. Taking into account eqn (1), the percentage of the
liquid in the sample is

X=L/[L+f(T—L)]. (2)

This formula has been used for the determination of solid to liquid ratios
in fats (Van Putte & Van den Enden, 1973, 1974).

In the present work the situation encountered is somewhat different. In
starch-rich foods, the signal due to water decays unusually fast, indicating a
dramatically reduced mobility of the water bound to the carbohydrates. In
fact, in our case the decay is determined by the transverse relaxation time
T, rather than by magnetic field inhomogeneity. It is therefore advisable to
extrapolate also the signal due to the liquid phase. Denoting L the signal at
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the time G, consequently we have I = f;f,, where f, is an extrapolation
coefficient. Denoting L' the signal of the liquid phase extrapolated to the
time G, we have (see Fig. 2)

L'=L+(L-L)(G, —Gy)/Gy. (3)

Notice that the quantity (G, - G5)/G is a readily and accurately measureable
instrumental constant. The quantity proportional to the solid phase content
is then §=T— L', with eqn (1) remaining valid. Combining all these equations,
we have

X=fLIIfiL+f,(T—L"]. (4)

Experimental

FID values were measured on a pulsed low-resolution NMR spectrometer (20
MHz, model Minispec P20, Bruker Spectrospin). The temperature was 25 or
40°C; no significant difference was observed in relation to the temperature.
When needed, the FIDs were digitized by a Bruker fast digitizer (model B-C104)
and plotted on a Hewlett-Packard X—Y recorder. Measurements of T and L were
carried out by means of a Bruker double-channel digitizer and analog computer
B-ACS. In all cases, 90° pulse (pulse width about 5 usec) and the phase detection
mode were used. The centres of the gates G; and G; were placed at 9 usec
and 90 psec from the end of the RF pulse, respectively. The width of the gates
was in both cases 2 usec. The relative gain in the two channels was made
equal by adjusting the apparent solid content to 0% for a completely liquid,
slowly decaying sample (oil). The samples were prepared and measured in 10 mm
tubes (external diameter). The repetition rate between successive pulses was
1 sec; averages of ten measurements were taken for all digital values.

Results
Extrapolation coefficients

The coefficients f; and f; were obtained by a graphical extrapolation of digi-
tized FIDs. In fact, this is the most reliable method. The results for a variety
of food products of varying moisture content are reported in Fig. 3. There
seems to be no significant difference between the products examined. It turns
out that both coefficients depend somewhat on the water content. This depen-
dence has been fitted by a second degree polynomial using the least squares
technique. It is important to keep in mind that the extrapolation coefficients
fs and f, depend on the distance between the end of the pulse and the gates
Gy and G;. The interpolation polynomials for different values of G+ and
G are listed in Table 1.
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Figure 3. Dependency of f; and f; coefficients on moisture content in a variety
of samples. Solid lines represent the fitting of the experimental points by a second
degree polynomial f=a+bx+cx? for G = 9 usec and Gy = 90 usec; bars

represent mean square deviations.

Table 1. Least squares fits of the extrapolation coefficients f; and f] by a
quadratic function for different gate times G and G; (measured from the
end of the pulse)

_,i"s=a+l:)x+cx:a te

G (usec)
a b c e
5 1.335 — 0.447 0.340 0.0271*
7 1.487 — 0.445 0.165 0.0052
9 1.725 - 0.710 0.283 0.0068
11 2.086 — 1411 0.806 0.0114
fi=atbx+cx?te
Gy (usec)
a b c e
50 1.066 0.032 —0.178 0.0005%
70 1.159 - 0.352 0.261 0.0023
90 1.196 —0.363 0.202 0.0035
110 1,233 - 0.352 0.098 0.0064

* Measurements impaired because of dead-time limitations,
T Anomaly due to the (sin Ar)/r beat observable in the solid phase part of

FID.


















