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ABSTRACT

Nowadays, using of Turmeric’s root, first we need to tumn them in a process to
Tumeric powder and aromatherapy oil. Therefore, the most important thing is to make
a good quality control of product before every manufacturing time. The moisture
content measurement of Turmeric powder is one of standard of testing process. Thus,
Turmeric powder can absorb moisture in term of water of crystallization or absorbed
form on the surface. Effect to physical, chemical transformation or even disintegration
would be adulterated thing. This means that the percentage of the main ingredient is
decrease when comparing with the weight of Turmeric powder. In Thailand, there is
document number TPCS 676-2547(2004). That is ten moisture standard control. In this
research study of turmeric powder moisture by comparing between A near-infrared (NIR)
reflectance sensor based on three different wavelengths; 1940, 1820, 2200 nm and
azeotropic distillation method. This experiment use a different moisture level of
Turmeric powder 1.15 to 8.35 percent of moisture. The advantages of near-infrared
reflectance sensor are reliable, high accuracy, fast response, sample isn’t broken and
non-touch sample. Moisture is consistent with intensity of absorption by the correlation
is 0.9938. It has an error of measurement equal to 0.2 percent moisture. Laboratory
experiments investigate the relationship between Turmeric powder moisture content
and near-infrared reflectance from the surface. The results indicate a strong linear

correlation between Turmeric powder moisture content and relative absorption depths.
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K1 D+(K2 £
Concentration of water = slope x (( ARGl (E2nrg 4 i + zero
meas (Klxrefl,)+(K2xref2,)
(1)
o A v v w a i -
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ref2  Aemmnunduvasnisasiaunduvasedulutisanuaniadu 2200
wiluaing fidesiudagng

ref2, Aamauduvesndulutiseaueniaiu 2200 uiluang idead

s ar

fsulpensa
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K1 AN windu 0.3
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NIR Absorbtion Curve H20
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3.1.2 Metaneviiutu

d o at
UM 3.2 saviiunu

sviiutuausmegwildlunismeassgniouianiuveayulnslulszinalvedady
silutumaniianvauslaomilumuin 6 we (Mesh), fidnvazvosdmilounu awisaduiiutu
- v Voo d
Haa AT ItayalaRInIT N 3.1

AT 3.1 Snvasvasriiudunaivae

Condition
Sample set | Sample no. | Temperature of Sample . Size
Bulk Density (g/cm?)
O (Mesh)
Calibration Powder 1 320 0.364 6
Powder 2 320 0.364 6
Powder 3 31.5 0.364 6
Validation Powder 4 315 0.364 6
Powder 5 31.0 0.364 6
Powder 6 29.0 0.364 6
Powder 7 29.0 0.364 6
Powder 8 32.0 0.364 6
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3.1.4 Waunsuduisguveaduweiinnisasvieunduvesndulnddursiian

Wsunsudsaguilitamunuduieasinnisasiioundurasndulnddusiseildadn
“Moist Tech IR Gauge Configuration” 1I83%u 3.027 druduigasianisazviounduvasndy
Tndsunsusatiisuwasinesiu 3.23 Tusunsuiasdeudetugunsalvnanisdearsiisesiin
l@winm (Ethemet output) Fainlfazmindenismunuldisuuusadasauazuuulanaa
iiatidn (local network) lusmAdstudaslinsdeusouuuyndasalatlddasuauitduds
idsunseiuaauianes Taadmun IP f3ud 3.5

Host PC Gauge
IP Address 192.168.0.200 192.168.0.100
Subnet Mask 255.255.255.0 255.255.255.0
Default Gateway 192.168.0.1 192.168.0.1
DNS Server 192.168.0.1 192.168.0.1

o w4 ' ¢
Ui 3.5 1P dwiuidaudeiduges

td
MoistTech IR
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Configuration

- o v <o v w < va
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3.2.2 mMIneaed
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HANTITIIABINTITYNIIULALHANITNAADY

4.1 Uuuudmiulidamanuusiniuiavivius

aumsiillunsaauiisusgldnismaAruduiussuindinuduuuisviutus
furiimsganAuuasesiiuius Fayausvnauluseaimutuiissausag uazdayavzgn
wisaenifiuaase yeiuildmiunmsasuisuuazgaiiassd miun1maansinade famisne
741

w1l 4.1 Fayaitldannisaauiiou, nisviuneuaznistaass

IR3000 Azeotropic
Sample set Sample no.
valuel value2 value3 value
Calibration Point 1-1 0.81 0.81 0.81 3.04
Point 1-2 0.81 0.81 0.81 3.36
Point 2-1 0.99 0.99 0.99 6.40
Point 2-2 0.98 0.98 0.98 6.80
Point 3-1 1.06 1.06 1.07 8.70
Point 3-2 1.06 1.07 1.07 8.74
Predict Point 1-1 3.12 312 312 3.04
Point 1-2 3.12 3.12 3.12 3.36
Point 2-1 6.95 6.95 6.95 6.40
Point 2-2 6.74 6.74 6.74 6.80
Point 3-1 8.44 8.44 8.66 8.70
Point 3-2 8.44 8.66 8.66 8.74
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w13 4.1 (Wa)
IR3000 Azeotropic
SWRRSEL | Samplsing. valuel | value2 | value3 value
Validation Point 1-1 0.98 0.96 0.94 1.10
Point 1-2 1.20 1.27 1.24 1.20
Point 2-1 3.45 3.48 3.46 3.50
Point 2-2 3.46 3.46 3.45 3.40
Point 3-1 5.27 5.37 5.34 5.20
Point 3-2 5.40 5.35 5.33 5.40
Point 4-1 7.16 717 7.14 7.40
Point 4-2 7.14 7.7 7.16 6.90
Point 5-1 8.37 8.37 8.42 8.30
Point 5-2 8.40 8.36 8.41 8.40

i’auaﬁ"[*ﬁ‘lunﬁaamﬁaunnﬁan'l".ﬂuﬁ‘ﬁ'n"l‘sziuiauaaanma1nri1mm%'ut|awﬁ:’u-ﬁ'umﬁ
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mnsﬂn 4.1 wamaliiudamauavduiusuuuidadussninaiauiiuiazArr
L-il'u-uaqmsqmnauuﬁwmmﬂuuw Fanavaanruduwusildveseviuduasle A R? =
09938  juUuuvaunisleainnisdeuiisuarituifansuiAranduiusuasAinly
ﬁmmﬁaaummmu‘lﬁmmi*mn 4.2 mamm*m%uquwa"wmﬂn'm*mwmmmmnnau
uaazinulufia sty anmsmsmmummm#umﬂut%aLauﬁlnannnaaamaaua
iiutuaslddraunsi 2

0=(21.29x R)-14.12 w{2)
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' a ‘o ' a o
I"IT'N# 4.2 aLaae, ATMUERLUUNIATE U ULASAIRIINASIALAGDUNIATTIUYBIATEN IR3000

wazmeadan1sndy
Sample | Sample IR3000 Azeotropic
set no. RMSE | AVG SD AVG
Predict Point 1-1
0.00 3.12 3.20
Point 1-2
Point 2-1
0.11 6.85 2.28 6.60
Point 2-2
Point 3-1
0.11 8.55 8.72
Point 3-2
Validation | Point 1-1
0.14 1.10 1.15
Point 1-2
Point 2-1
0.01 3.46 3.45
Point 2-2
Sotr 0.05 5.34 5.30
Point3-2 | ' 251 '
Point 4-1
0.01 7.16 7.15
Point 4-2
Point 5-1
0.02 8.39 8.35
Point 5-2
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Abstract — Nowadays, using of Turmeric’s root, first
we need to turn them in a process to Turmeric powder and
aromatherapy oil. Therefore, the most important thing is to
make a good quality control of product. The moisture content
measurement of Turmeric powder is one of standard of testing
process. A near-infrared (NIR) reflectance sensor designed for
moisture measurement at Turmeric powder based on the
reflectance of filter wheel with three different wavelengths, in
which one has a wavelength of 1940 nm and a strong water
absorption band, whereas the others have a wavelength of
1820, 2200 nm and a weak water absorption band, as related
to Turmeric powder moisture content reflectance. The results
indicate a strong linear correlation between Turmeric powder
moisture content and relative absorption depths for Turmeric
powder. The Turmeric powder moistures content predicted
using the proposed method agree well with measurements
obtained by azeotropic distillation method, indicating the
feasibility of the proposed method for Turmeric powder
moisture measurement.

Keywords; Moisture measurement, Near infrared spectroscopy
, Turmeric powder

I. INTRODUCTION

Nowadays, industrial of food, health and beauty in
Thailand has been used Thai herbal ingredient as raw
materials to produce more goods. Especially, the information
which is from imported report from 2011 to 2014. Turmeric
has been imported in volume of 87.1, 326.0, 226.2 and 474.19
tons respectively. Moreover from exported report from 2012
to 2014 has been exported in volume of 103.7, 36.3 and 40.8
tons respectively. [1] The data showed number of Turmeric
importing is higher than exporting and continuously increase
in every year. First of all using Turmeric, must be processed
into powder and Turmeric essential oil. Then we mixed it with
another ingredients and turn to products at the end. Chemical

Copyright (€) 2016 IEICE. Permission request for reproduction: Service Department,
TEICE Headquaners Office, E-mail: service@ieice.org. IFICE Provisions on
Copyright: http: //www.leice.org/ang/copyright /.

ingredient in Turmeric will be consisted many kind of
chemical. Therefore high standard and quality control of raw
materials constantly are very important before product will be
produced to make customer confident in product. [2]

Water quantity measurement is one of the thing
should be concerned because when we keep herbal powder we
can’t predict how much is moisture within them. Maybe it is
in a water of crystallization or absorbed form. Therefore,
herbal powder might be changed in a physical, chemical or
disintegration terms as well. Sometimes, there are adulterated
things is a result of percentage of the key element is reduced
when compare with the weight of all herbs. [3] For Turmeric
powder must have moisture not over than ten percentages by
weight. [4] There are direct and indirect techniques of
moisturized measurement as following: First technique is
gravimetric method has been generally accepted and are the
most reliable for measuring moisture. It can be used to
calibrate indirect measurement techniques. The advantages of
this technique are accurate and reliable. However, this
technique is time consuming, waste of sample measurement,
the sample is destroyed and also it can’t be used with herbal
powder with Turmeric essential oil and can’t be reused again.
The second technique is distillation. It is based on the
condensation of water of the heat to the sample. The sample is
mixed with substances which are caught with unwanted
material for example Toluene and Benzene to measure the
volume of water correctly. But there are some disadvantage
wastes a lot of time to do it. The third technique is chemical
reaction Which relies on the use of chemical to transform
substrate to be the new substances. Then observe at the rate of
a reaction such as Titration which is separate chemical and
water by using lodine. However, this technique still has some
disadvantage are waste of time to do titration process and
waste of money as well. The fourth technique is radioactive.
This techniqgue measure the amount of decreasing radiation
with the testing of moisture content. But the weak points are
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low precision due to the wide range of measurement, and its
harmful to the health and the environment, expensive cost, it’s
also require for only expertise. The next technigues are
microwave technique and near infrared reflectance, these
techniques are relying on transmission of water molecules
makes energy absorption. The energy which is not absorbed
will be sent to receiver. The seventh technique is capacitor.
This technique had been studied and tested for a long period of
time. Recently, these products have been launch to the market.
The resolutions of measurement depend on the size of sensor.
Disadvantage is that the contaminated of water impact the
process of measurement. The last technique 1s resistance relies
on the transmission of electricity in the sample, the measure
the resistant output. The resistance is proportional to the
moisture content in the sample. The advantage are afford able
price and easy to use. But disadvantage is if there is
contamination of water will make the measurcment distorted.

Infrared spectroscopy is a technic for measuring the
amount of light of wavelengths. The light is being absorbed by
the sample. This technique is to know the qualifications of the
analyzed sample such as concentration of the substance. In
general, the wavelength commonly used in the ultra-violet to
visible light is in the wavelength range 250 to 750 nm. The
technique uses a specific wavelength to detect the substances.
This technique was used to determine the various
characteristics of the sample such as substances in a sample,
the minerals in the soil, the water content in the samples, the
pH value of the alkaline and heavy metals in samples. In the
research this technique will be used to measure the moisture
content of the Turmeric powder when the sample to emit
infrared transmittance, reflectance of the energy, as shown in
Figure 1. However, because the sample is very dense, making
the transmission is very low. The water molecules in the
sample, it absorbs energy with the values proportional to the
moisture content in the sample. The characters of absorbable
spectrum are the vibration of the molecular bond. Turmeric
powder with water molecules is in the absorbable spectrum in
the wavelength range of 1940, 1820 and 2200 nm in the near
infrared wavelength. The district has one wavelength bands
that have absorbed most of the O-H molecules absorb infrared
energy, which is equal to the energy difference between the
ground state and excited state. The molecules will vibrate.
There are two types of the molecular vibrations. Which are
stretching and bending [10], [11], [12]. The height of moisture
is correlated with the intensity of the absorption spectrum that
much. On the other hand, if the moisture is low, it is correlated
with the intensity of the absorption wavelength less. In this
study case use infrared spectroscopy and reflection against
moisture from distillation. Moreover we also use correlation
and standard error analysis.
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Figurc 1 the incident, rcflection and absorption of the near
infrared to the Turmeric powder.

The purposes of this research are firstly, to study the
infrared light spectrum technique used to determine the water
content in Turmeric powder. Secondly, the results of the
study, the technique used to predict wave infrared to monitor
the water content in Turmeric powder. Thirdly, to measure the
eftects of reflected near infrared light waves with distillation
techniques. And lastly, to guide the infrared light spectrum
techniques are used to check the water content of the herbs
with oil in the future.

II.  SENSOR DESCRIPTION

The sensor for measuring moisture Model IR3000
includes a light source using tungsten, monochromator convert
light waves into near infrared wavelengths of 1820, 1940 and
2200 nm. Photoconductor is number 402-14nep for receiving
near infrared light reflection, amplifier circuit, converting
signals from analog to digital communications and integrated
Ethernet TCP / IP. Outside material is made from stainless
steel and IP65 protection standards. Motor rotation speed of
1800 round per minute. This system is designed to measure
the moisture has a Real-time due to a reference light (Prime
beam) as the reference light into the receiver to reduce the
sensitivity of the distance, more stable, have fewer errors and
reduce incorrecting time while measuring.

Monochromator is composed of four holes with the
light converter. First of all, the channel for converting a
wavelength of 1940 nm, a wavelength which is the water
molecules absorb light in this wavelength range. The second
and third wavelength for conversion into 1820 and 2200 nm
wavelength, which is the water molecule, don’t absorb light in
this wavelength range. For the fourth converted to visible
light. The motor is rotating at a speed of 1800 round per
minute.
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II. MATERIALS AND METHODS

A.  Termeric powder samples

Turmeric powder, six samples used in the experiment
were purchased from stores selling herbs in Thailand. Which
is characterized by a powder grain size 6 meshes; there are
aspects of the same color. Turmeric powder was analyzed data
in Table 1.

T Pawiia: Calibration Validation
No. Powder | Powder | Powder | Powder | Powder | Powder
1 2 3 4 5 6
Temperature of
12 Ky 31.45 315 29 32
Sample (°C)
Dry Bulk Density 0.364 0364 0.364 0.364 0.364 0.364
(g/em’)
Moisture Content 32 6.6 872 115 715 872
(s maisture)
Size (Mesh) 6 6 6 6 6 6

Table 1 Characteristics of Turmeric powder.

B.  Experiment procedure

During the experiment, samples are split into three
groups. The first group will make a sample dried by oven at
105 degrees Celsius for two hours, a second group will use as
an example, the moisture is moderate oven at 105 ° C for one
hour. The third example is very moisture by using normal
sample.

The experimental procedure is as follows: first of all,
Turmeric powder samples of the raw measurement with
IR3000 then record three times. Second, Turmeric powder
samples to measure the moisture with condensation. One
example repeated twice. Third, repeat steps one and two, but
turn sample of Turmeric powder to the second and third,
respectively. Fourth, analysis of the data of the IR3000 with
the moisture of Turmeric powder samples at 1-3. Fifth, enter
your information to create the calibration of the machine
IR3000. Sixth, take fourth Turmeric powder sample to
measure moisture with TR3000 and record three times.
Seventh, take Turmeric powder fourth example to measure
moisture by distillation. One example repeated twice. The last,
repeat steps seventh and eight but turn sample of Turmeric
powder, fifth and sixth respectively.

The amount of water in order to calculate the moisture
content of Turmeric powder using distilled water and
determine the percentage using Equation (1) below.

]
n—n

p

W =

x100 (1)

Where

W= moisture content (percent of moisture)

n'= volume of all distilled water (ml)

n = volume of distilled water at the first time; before add
Turmeric powder (ml)

p = weight of Turmeric powder (g)
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C. Relative absorption depth

The calculation of correlation between the intensity
of the absorption and moisture content is at wavelength range
of 1940, 1820 and 2200 nm. Range 1820 and 2200 nm
wavelength is used as a reference because it is near 1940 nm
wavelength range. The relationship of the intensity of the
absorption is shown in Equation (2) below.

r(KI xref1)+(K2xref2) meas,
W= +b
\ meas (K1xref1,)+(K2xref2,)
(2)
Where
w = moisture content (percent of moisture)
m = slope
b = offset
meas = intensity of the reflected wave of 1940 nm

wavelengths of light through the sample

measp = intensity of the spectrum in the wavelength 1940
nm shining directly into the receiver

refl = intensity of the reflected wave in the wavelength
range of 1820 nm light through the sample

reflp = intensity of the spectrum in the wavelength 1820
nm shining directly into the receiver

ref2 = intensity of the reflected wave in the wavelength
range of 2200 nm light through the sample

ref2, = intensity of the spectrum in the wavelength 2200
nm shining directly into the receiver

Kl = 0.3 (constant value)

K2 = 0.7 (constant value) :

IV. RESULT AND DISCUSSION

A.  Model for Turmeric powder moisture estimation

Use the calibration equation to evaluate the
relationship between the moisture on the surface of Turmeric
powder with the absorption of Turmeric powder. Information
includes the sample at difference moisture levels. The first
group is that used for calibration. And another one is for the
actual measurement.

The data used to calibrate were selected randomly out
of the powder at various moisture levels to create the
calibration curve. Then use actual measurements to prove that
the equation of the calibration. As provided comprehensive
measurement of the moisture from the Turmeric powder dry
until wet. The relationship between the moisture of Turmeric
powder and the equation of the relationship of the intensity of
light absorption are below.

8=aR+b (3)
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Where

€ = the moisture content of Turmeric powder (percent of
moisture)

R = the relationship of the intensity of light absorption.

a = the coefficient of the regression equation or the slope

b = the coefficient of the regression equation or the offset

We use the correlation coefficient, standard error and
standard deviaion to determine the accuracy of the
measurement. Less standard error shows that there is little
difference between the measured value and the predicted
value. Correlation and standard error and standard deviation
can be calculated using equation (4) to (6) respectively.

R =1_Z";(é ~0) /,zi:(é‘ -8y @)

5

SD= —:zl(a,. ~8y ©)
Where

6, = moisture content (percent of moisture)

6, = moisture predicted (percentage of moisture)

6 = average moisture content (percentage of moisture)
n = number of sample

B.  Relative between Turmeric powder moisture and the
intensity of light absorption

From graph | shown the linear correlation between
the moisture content and the intensity of light absorption
which the results of the relationship of Turmeric powder to the
graph 1 as R” = 0.9938 and the model for the calibration and
be considered as correlations and standard error is shown in
Table 2. These samples were separated to be three groups of
moisture level and each group was separated to be two points
for repeat. When the moisture content is increased, we found
that the intensity of light absorption is also increased to the
same direction.
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the relationship between the absorption of infrared light |
and the standard moisture I
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Graph 1 the relationship between the intensity of the
absorption of the moisture content of Turmeric powder.

Azeotropic
TR method
Sample set | Sample no. method
RMSE AVG SDh AVG
Predict Group 1-1
0.08 3.12 3.20
Group 1-2
Group 2-1
0.27 6.85 2.50 6.60
Group 2-2
Group 3-1
0.20 8.55 8.72
Group 3-2
Validation Group 1-1
015 110 115
Group 1-2
Group 2-1
0.01 716 345 715
Group 2-2
Group 3-1
0.04 839 835
Group 3-2

Table 2 Means, standard deviation and, standard error of the
TR method and Azeotropic method.

There are some factors that affect the reflection of the
Turmeric powder as Turmeric powder surface roughness and
moisture content. Therefore, Turmeric powder should be
specifically calibration equation. Which makes low error and
correlation is high. A result of Turmeric powder is as follows:
correlation of Turmeric powder is R” = 0.9938 and the
standard error is 0.199 percent of moisture as graph2.
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The relationship between the predicted moisture and

g — standard moisture
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Graph 2 shows the correlation between the predicted moisture
and moisture content standards.

The relationship between the standard moisture and the
moisture content of the IR3000.
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Graph 3 shows the relationship between the moisture content
of the TR3000 and distillation.

V.  CONCLUSSION

Moisture is consistent with the intensity of the
absorption by the correlation is 0.9938. The absorbance of the
IR3000 is associated with the moisture measured at 99.38
percent. Then another (.62 percent based on other factors. It
has a standard error of prediction equal to 0.199. It has an
error of measurement equal to 0.09. This is less than the
standard error of prediction. However, the result shows the
pattern of the reflected waves to measure verities the moisture
level and standard error in each group of Turmeric powder as
(1.1, 0.15), (7.16, 0.01), (8.39, 0.04) respectively. It can be
seen that 1.1 percent of moisture, will get the most standard
error due to the sample is very dry while testing in the
laboratory. The sample touches the humidity in the ambient so
it will absorb humidity effect to higher standard error. There is
also a standard deviation of the distillation of calibration and
measurement to actually see the 2.5 and 3.45 showed the
standard deviation from calibrated distribution is less than
actual measurements. However the sample 1-1 and 1-2 from
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the both group have the same sample preparing method but the
moisture content is not the same. It means that when we put
the sample in desiccator for a long time make the higher
moisture content. There are many different Factors as the air
temperature changes easily. So it's even more important
experimental techniques can be developed to be more
effective.
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