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Abstract

In a decade, Thailand will become an aging society due to the elderly population continues to
grow. Food texture is one of important factors relating to the health risks of the elderly. Soft foods are
produced in order to help the elderly who have trouble chewing or swallowing. Therefore a nondestructive
technique to detect the softness of foods is required. In this study, an electrical measuring technique was
used to determine the softness of jelly. Jelly samples in-different softness were produced. Each sample was
measured the softness and its electrical properties such as capacitance, inductance, impedance, resistance,
dissipation factor, quality factor, phase-angle at various/ frequencies(0.012, 0.05,.0.1, 0.5, 1, 5, 10, 50, 100
and 200 KHz). Partial least squares regression (PLSR) was used:to develop the calibration model for the
softness. The results showed it is possible-to use for texture prediction of jelly and soft tofu (R2 = 0.64,

RMSEP =0.13N1taz R’ = 057, RMSEP.= 5:63'N),

Keywords: nondestructive, calibration, prediction, accuracy, electricity, jelly, soft tofu
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Abstract

Jutarat Saengtong (2017) reported that|in the last decade, Thailand has become an increasingly
aging society as the elderly population continues to-grow. As people get older food texture
become increasingly-importantsince they can‘relate to health-risks inthe elderly and foods with
softer textures have been developed to help the elderly who have trouble ehewing or swallowing.
A nondestruetive technique to measure the sofiness of foods would-be an important addition to
the food manufacturing indusiry 1o, help produce and market foods that are suitable for such
elderly people. In this study, an electrical measuring technique was used to determine the texture
of jelly, which was used as'a model for soft foods. Jelly samples with different level of softness
were-produced, and the texture of cach sample was-taken using. its electrical properties. These
properties were capacitance, inductance; impedance, resistance, dissipation factor, quality factors
and phase angle at various [requencies (0.012, 0.05, 0.1,7:0:5;71°5, 10y 50, 100 and 200 kHz).
Partial least squares regression (PESR) was used to develop the calibration model for the texture.,
A setof §1 samples was used for calibration and a set of 39.samples.was used for prediction and
the original data werc used to develop the model for texture: The performance of the model for
the texture from the-calibration set obtained had a coefficient-of determination { R?) 0f0).67and the
root mean square error ofcrogs-validation (RMSECV)of 0.13 'N. The accuracy of the model in
the prediction set hadia R%0f (0164 and the root miean square &fror of predigtion (RMSEP) of 0.13
N. It was therefore concluded that the electrical measuring technique tested be used to determine
the texture of tood sucheas jelly.

Keywords: nondestruetive;ealibration, prediction, aceuracy; electricity

16. Background
In 2015, the proportion of the elderly population in Thailand was 15.8 percent, which was
higher than the average for the rest of the world at 12.3 percent (United Nation, 2015). Also
they predicted that the elderly population of Thailand will reach 25 percent in 2030.
Chunharas, et al. (2012) commented that these changes indicate that Thailand will become
an aged society. Phonnarit (2003) reported that due to the dietary habits of many elderly
people, these changes will bring dietary problems to that could affect health as well as body
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and mind of the elderly. Whenever the main systems of the human body have grown to their
limitation, internal and external changes can lead to decay. For the elderly, the function of the
nervous system is reduced. Problems with teeth are very common. The salivary glands secrete
less, causing less effective chewing food in the mouth. When food reaches the stomach and small
intestine, there can be problems of digestion and absorption because gastric juices in the stomach
and small intestine are less, resulting in food being insufficiently digested (Supatra, 2012). Many
elderly people prefer to consume soft foods in order to facilitate and improve digestion so the
texture of food is a most important factor that impacts the health of the elderly and some food
factories have produced softerfoods specifically-for the elderly. A nondestructive technique
that could be used-on the production lines, of food factories could be used for quality
control of the texture particularly for the preduction of food products for the elderly.
Electrical measurement_techniquesthat are-nendestructive, convenient and cheap have
previously been used to measure the internal quality of fruits'such as bananas (Sotalni, ct al.,
2010), durians (Kuson and Terdwongworakul, 2012) and limes (Huong and Teerachaichayut,
2017). Therefore electrical measurement techniques were tested for their application in
measuring the texture of soft foods with jelly used as a model for testing,

17. Methods
Samples of jelly were produced by adjusting ingredients and process conditions in order to
obtain the dilferent textures. HEach sample (200 ml) was fitled into the same size ol a plastic cap.
A total of 120 samples with various textures-were used in this study. The electrical parameters of
eachrsample” were  measured: These were capacitance; inductance,) impedance, resistance,
dissipation factor, quality factors and phase angle at various tfrequencies (0,012,0.05 0.1 ,0.5,1,
5,10 ,50°, 100 and200kHz) as the independent: variables were measured in a Precision LCR
Meter(LCR 821, GW INSTEK, Taiwan).Texture of each sanmiple, as the dependent variable, was
determined wsing a TA-Plus'texture analyzer (Lloyds dnstruments; UK) fitted with a 0.5 inch
diameter probe and a distance of-4 mniat aspeed of /1.0 mm/s. All samples were divided into 2
scts one for ealibration.and one for prediction. Samples ‘in. the ealibration set were used for
developing the ealibration model for texture-using pdrtial least squares regression (PLSR) and
then cross validated:. The-performance of the model was validated by the coelficient of
determination (1{2} and the root'mean square error of calibration (RMSEC) at the lowest factors.
The calibration model was tested for the accuracy by the samples in the prediction set. The
accuracy of prediction was determined from the R” and the root mean square error of prediction
(RMSEP). Microsoft Office Excel 2007 and Unscramble software (CAMO, Osla, Norway) were

used for the statistical analysis
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18. Results
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Fig. 2: Averaged re ¢ jelly and the high texture jelly.
For resistance the averaged texture of each group is shown in Fig. 2. The results showed the
averaged resistance of samples in the group of high texture was significantly (p<0.05) higher than
those of in the group of low texture at all frequencies (0.012-200 kHz).
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Fig. 4: Averaged inductance of the low texture jelly and the high texture jelly.

The averaged texture of each group is shown in Fig. 4. The results showed the averaged
inductance of samples in the group of high texture was not significantly (p>0.05) different to
those of in the group of low texture at all frequencies (0.012-200 kHz).
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The averaged texture of each group is shown in I'ig, 6. The results showed the averaged dissipation
factor of samples in the group of high texture was significantly (p<0.05) different to those of in the
group of low texture at all frequencies (0.012-200 kHz).

35000 4
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25000 -

20000

15000 - High Texture

Capacitance (nF)

10000 <

5000 -

T T i T
0.012 0ws 0%/ |05 1 5 0 _ 50 1007200
Fraquency (KHz)

Fig. 7: Averaged capacitance of the low texture jelly and the high texture jelly.

Theraveraged- texture, of \each group 18 shown in.Fig. 7. The results showed the averaged
capacitance of samples in the group of high texture was significantly (p<0.05} different to those
of in the group of fow texture at all frequencies (0.012-200kHz).

The characteristies of 'samples for texture in both the calibration set and the prediction set are
shownin Table 1, The range of texture.in the prediction set was within therange of those of the
calibrationset. The standard deviations of texture'in the calibration set andiin the prediction were
similar.

Table 13 Description of texture in the calibration set.and the prediction set

Texture
Calibration Set Predietion Set
N 99 49 I
Range 16.50-43.10 16.70-42 80 !
Average 0.26 0.27
SD 0.12 0.12

N = number of samples, SID = standard deviation

The electrical parameters at all the frequencies tested (0.012, 0.05, 0.1, 0.5, 1, 5, 10, 50, 100, and

200 kHz) were used as the dependent variables, The calibration model for texture was developed

using PLSR and then cross-validated by the samples in the calibration set (N=81). The data from
407
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pretreatments were used in order to obtain the best conditions of the model. The results showed
that original data gave the best results

for the calibration model for texture (Tables 2). Therefore, the original data were used for
establishing the calibration model in this study.

Table 2: Statistical analysis of data from pretreatments by cross validation of the model for
texture in the calibration set.

Pretreatment RMSECV(N)
Original o | 0.132
Smbothing7 SO\ 0.143
A Perivatives—— | 0.137
Derivatives \ 0.133
X \ 0.145
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Fig. 8: Scatter plots of actual texture and predicted texture
in fhecalibration set (a}) and in the prediction-set (b)

Fig. 8(a) shows the performance of the calibration model for texture when testing with samples
in the calibration set and Fig. 8(b) shows the accuracy of the calibration model for texture when
testing with samples in the predietion set.
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