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Development in rapid methods to predict the properties of agricultural

produces and food products through near infrared spectroscopy
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Application of near infrared spectroscopy for amylose content determination

in milled rice

Faculty of Engineering and Industrial Technology, Silpakorn University
Research Grants Fiscal Budget of Year 2013.,

Research and Development Institute, Silpakorn University

Abstract

Amylose is major component for identify characteristics of rice. Analysis of
amylose is complex. The aim of this research is to study near infrared spectroscopy (NIR)
technique for estimate and predict amylose contents in rice. NIR technique can reduce
analyze time and does not destroy the sample. The initial moisture content and particle size
of sample was dued to the analysis of amylose content. The sample has to control the initial
moisture content of rice, then the sample (rice crush) was heated at 40, 50 and 60 degree
celsius for 1-6 hours to decrease moisture content and also controlled particle size of
sample which are 150, 300, 500, and 850 micrometer. The sample was measured by NIR
technique to get the spectrums (diffuse reflectance, wave length 2502.5 — 1110.7 nm and 32
scan time) The result showed that 60 degree celsius for 1 hour was the best preparing
method for accuracy and precision analyze of amylose content in rice. The preparing of
particle size did not differ significant, but particles size was controlled for analysis, particles

size was dued to scattering of light, the effect of accuracy and precision analysis in NIRs.

Keywords: rice, Near infrared spectroscopy, Quality control
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Monitoring of reducing sugar and total sugar content ratio in osmotic dehydrated fruits

before drying using a near infrared spectroscopy

Assistant Professor Busarakorn Mahayothee (Project Leader)
Faculty of Engineering and Industrial Technology Silpakorn University
Assistant Professor Prasong Siriwongwilaichat (Co-Researcher)
Faculty of Engineering And Industrial Technology Silpakorn University
Research Grants Fiscal Budget of Year 2012
Research and Development Institute, Silpakorn University
Year of completion_.2015
Type of research Applied Research
Subjects (based NRCT) Food Technology

Abstract

Osmotic dehydration is a pretreatment which is used for partial removing of water in
osmo-convective dried fruit products. Thailand is a major manufacturer and
exporter of dried fruits. The reducing sugar to total sugar ratio (RS/TS) of osmotic
dehydrated fruit is a crucial parameter, and it has been currently used for process quality
control prior to convective drying by the industry. If the RS/TS of osmotic dehydrated fruit
slice is too high, the surface of dried product will be too sticky. On the other hand, if the
RS/TS ratio is too low, the sugar crystallization can occur during storing. The products will
be not accepted by consumers. Generally, this ratio is being checked by using a
conventional Lane-Eynon method, which is the time consuming and expensive method. NIR
has been found in many studies that it can be used for determining sucrose, fructose and
glucose concentrations in fruits. Therefore, the aim of this study was to investigate the
potential of NIR as a rapid and nondestructive method for routine analysis of RS/TS ratio in
mango pineapple and papaya slices prior to air drying process. . NIRS was applied to
determine the properties of many agricultural products including the ratio of reducing sugar
to total sugar of osmotic dehydrated mango and pineapple was precisely determined using

NIRS for mango (R® 0.9471 and RMSEP 0.0511) and (R® 0.8119 and RMSEP -0.0105) for



pineapple respectively. However, the model can be improved and even more reliable by

increasing the number of samples which is now ongoing.

Key words : Mango Pineapple Papaya Osmotic Drying and Near Infrared Spectroscopy
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Development of a rapid method for pesticide residue determination in vegetables using

near infrared spectroscopy; chili and yard long bean

Assistant Professor Dr. Pramote Khuwijitjaru (Project Leader)
Faculty of Engineering and Industrial Technology, Silpakorn University
Assistant Professor Dr. Busarakorn Mahayothee (Co-Researcher)
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Research Grants Fiscal Budget of Year 2012
Research and Development Institute, Silpakorn University
Year of completion 2014

Type of research Applied research

Subjects (based NRCT) Agriculture and Biology, Agro-Industry

Abstract

Chili and yard long bean are major economic vegetables in Thailand for both domestic and
export market. They are exported in many forms including fresh, chilled and frozen.
However, the export has indicated problems with pesticide residues. Chlorpyrifos is
considered surveillance for vegetables exportation. Generally, pesticide residues are
determined using destructive methods such as GT - Pesticide test kit, gas chromatography
and liquid chromatography with mass spectrometry, which is time consuming, costly and
require technical skills. In this study, the feasibility of near infrared spectroscopy (NIR) to
determine chlorpyrifos residues in Jinda chili and yard long bean was investigated. The
experiment was divided into two parts: (I) NIR for quantitative measurement of chlorpyrifos
residues in Jinda chili and yard long bean; (II) NIR for classification between pesticide-free
and pesticide-containing yard long bean. Part |, organic samples (Jinda chilies and yard
long beans) were chopped and blended into paste. Then, the paste was spiked with
standard chlorpyrifos at various concentrations. Fourier Transform - near infrared
spectrophotometer (FT-NIR) was used to acquire the spectra in the wavenumber of 12500-
4000 cm-1 from the paste and the extract fractions. Dry-extract system for near infrared
spectroscopy (DESIR) was used for increasing concentration of the pesticide. The potential

of NIR to determine chlorpyrifos residue was low for the concentration range of 0.01 - 0.02



ppm. However, the efficiency of NIR to determine chlorpyrifos residue was enhanced when
chlorpyrifos concentration increased. Using DESIR technique at concentration of 0.02 - 10
ppm in Jinda chili provided the most accurate prediction model at R2 = 0.9776, RMSECV =
0.486 ppm, RPD = 4.86 and Bias = -0.0276. Two pesticides groups i.e. organophosphate
(chlorpyrifos, EPN, omethoate) and carbamate (carbofuran and methomyl) were studied.
Pesticide residues were determined using GT- pesticide test kit which reported the result as
pesticide-free sample, pesticide-containing sample at safe level or pesticide-containing
sample. The results showed that the pesticide-containing yard long bean and extracted

samples could not be discriminated by NIR.

Key words: Chili Yard long bean Pesticide Organophosphate Carbamate



AU LA NN UNN W INENALAALNNT LULZ2.9 5

FalAsan1s N1sAsTIARALUALYINUIEAMIINAE IURIRA LTI UNNSIARA LIRS
wuusanianaamadagilninsalalldunsusadulng

a o

dl (%2 s = o v
TRLdae  wA.Ag.YATINIl Nunled (Fhutinlazenis)
AMzAZAAINIINAARSLazmATuTatignaMNITN
NUINUNLAAUINT
1 a o 1 a o a
WA UEANLLNNTINE S sTanniuliuAul szantl2556
ANNTUARELATWENUN NUWIINLAeAaLNg
P
UNLd5a W.A.2558
Uszinnnisisannsiaesyenst
AT ANTUNHAIANARTUAZTIING NQNITNGAAMNITHINEAT
WAt ATulaEia119
UNARE

v
v aa o

NUAdENTRglsrasAineAnsnarenisldansinaaunaldsetlss@nsnnlunisamaaa
AN e Tudaamatinaulninsalaldunsisatnulng (Near Infrared Spectroscopy, NIRS)
TnaAn Tuduiuganetinng uarnziasiugiinenli@nes uazlfanspaounienising o

16un 2.5%GUSTEC S, 10%CHITOSAN, 20%GLK waz 20%SUPERSHINE C 4aAN139ANAL

WANTBINA BINNIUNITAAURINANEIIAAY 800-2500 W1 THNAT TuluNANITdAaun AL
(reflectance) N1AN resolution 32 cm-1 WATANWAIUNNTTAWNGTL 64 AFI ANMNNANITANHINLLN
A a o v a 16) & a Ql o % dl ] =
AgeaauRani lmianszusun1sunelanuulilfeandian (nAuusn) lunaduiniun1sAaeL
fntl SUPERSHINE C iinnauusinizangn (3 4u) se9a9u1biiun GUSTEC (5 41) GLK (5 51)
WAL CHITOSAN (7 A1) AINANAY AR INANNINIVIEAIANNTINATAANT UFHIDLENEIUAA
a al 1 [~3 o ¥ 1 a o 1 Q‘I
LA B NIURETARAA LEA MITI9NITAUTNHINAE N NUIIRANAIN1701UNTNIUNE AT R2
WiNfiU 0.5818, 0.6556, 0.6965 LAY RMSECV Nl 0.14, 658 ppm WA 646 ppm ATNAAL
AnFunzanaadaunudImatla NIRS 41819019 1191w gA A N LTS TSS, TA LAY
AAITNNTIARNg TAAN R2 WU 0.8295, 0.8236, 0.8590, 0.7268 LWAZNAN RMSEP Winf 3.55
Tnsu, 1.29 A9A VNG, 0.42 nSNTEINFAAULIFRENSUAQREN9 LAY 0.636 ANAIAL N9

wmAtiA NIR N1sAnmunslasuulasnuininaesduintiunisafey Saiudubgnlunisiouie

' '
o =® v =

ANAN TIFIHNIWINUILAZAILANNITLAUNNINAaessiall TuanimaTia NIR A uaN19D

&2



TunnsinninAun N luresnzstsiuginnen1danesls enainilss@ninnaesannis

NIMNUNEANNLLLLEE TSS TA WazA1 pH

ANGATY EuunuaiTa Nzaas anseaeuia aulnlnsalndaunsneulng



NIR as rapid method for monitoring and actuality the internal quality of coated fruits

Assistant Professor Busarakorn Mahayothee (Project Leader)
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Type of research Applied Research
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Abstract

The objective of this study was to evaluate the effect of coating on the performance
of near infared spectroscopy (NIRS) to detect the internal quality of Mandarin cv. Sai Nam
Pueng and mango cv. Nam Dokmai subcv Si thong. Four commercial costing agents i.e.
2.5% GUSTEC S, 10% CHITOSAN, 20% GLK and 20% SUPERSHINE C were used. Spectra
of coated fruits were acquired using FT-NIR in reflectance mode in a wavelength region of
800-2500 nm at resolution of 32 cm-1 scan 6 4 scans time. During storage at ambient
temperature, fermentation occurred in coated mandarin whereas coated mangoes were
normally ripened. The off-flavor was detected from SUPERSHINE C coated mandarin after 3
days of storage followed by GUSTEC S (after 5 days), GLK (after 5 days) and CHITOSAN
(after 7 days). For coated mandarin, the resulted showed that pH, ethanol and ehanol+
acetaldehyde content could be predicted with R2of 0.5818, 0.6556, 0.6965 and RMSEP of
0.14, 658 ppm and 646 ppm, respectively.In addition, firmness, TSS, TA and pH coated
mango was precisely determined with R2 of 0.8295, 0.8236, 0.8590, 0.7268 and RMSEP of

3.55, 1.29°Brix, 0.42g citric/100 g sample and 0.636.

Key words: Mandarin, Mango, Coating, NIRS
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Using near infrared spectroscopy analysis for determination of chemical constituents and

adulterations of coconut and Palmyra palm sugars

Assistant Professor Eakaphan Keowmaneechai (Project Leader)
Faculty of Engineering And Industrial Technology Silpakorn University
Research Grants Fiscal Budget of Year 2012
Research and Development Institute, Silpakorn University
Year of completion 2015

Type of research Applied Research

Subjects (based NRCT) Agriculture and Biology, Agro-Industry

Abstract

Coconut sugar is an important agricultural produce of Thailand. The development of
an accurate and rapid technique for quality evaluation of coconut sugars will be useful for
the coconut sugar processing industry. Therefore, application of near-infrared spectroscopy
(NIR) technique for quality control of coconut jaggery and crystallized coconut sugar in
terms of chemical constituents and adulterations was investigated in this study. The NIR was
performed by using the wavenumber region of 12480-4000 cm-1. Pretreated NIR spectra
were used to develop the calibration equations by partial least squares regression (PLS).
Results showed that the calibration equations for predicting total soluble solids (TSS),
glucose, fructose, sucrose, pH, titratable acidity (TA) and moisture content in coconut
jaggery provided the coefficients of determination (R2) as 0.956, 0.925, 0.967, 0.814, 0.937,
0.893 and 0.957, respectively. The calibration models for discriminating adulterations with
sucrose solutions in coconut jaggery at the levels of 10, 25, 50, 75 and 100% (w/w) revealed
that principal component analysis (PCA) could not discriminate authentic coconut jaggery
from the adulterated ones. However, PLS model was able to indicate the adulteration level of
more than 50% in coconut jaggery. For crystallized coconut sugar, results showed that the
calibration equations for TSS, glucose, fructose, sucrose, pH, TA and moisture content
provided R2 as 0.689, 0.773, 0.925, 0.881, 0.819, 0.826 and 0.723, respectively. The
calibration models for discriminating adulterations with sucrose in crystallized coconut sugar

at the levels of 25 and 50% (by weight of TSS) indicated that PCA model could not



discriminane authentic and crystallizes from the adulterated ones. However, PLS model
was able to discriminated the sugars with and without the adulterations. According to all of

the results, the NIR technique can be applied for inspecting quality of coconut sugar.

Palmyra palm sugar is another important agricultural produce of Thailand. The development
of an accurate and rapid technique for quality evaluation of Palmyra palm sugars will be
useful for the Palmyra palm processing industry. Therefore, application of NIR technique for
quality control of Palmyra palm jaggery in terms of chemical constituents was investigated in
this study. The NIR was performed by using the wavenumber region of 12480-4000 cm-1.
Pretreated NIR spectra were used to develop the calibration equations by PLS. Results
showed that the calibration equations for predicting TSS, pH, reducing sugar content, TA
and moisture content in Palmyra palm jaggery provided the R2 as 0.898, 0.737, 0.414, 0.484

and 0.391, respectively.

Key word: jaggery, palm sap, coconut sugar, palm sugar, adulteration,

near infrared spectroscopy
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Rapid method development for phenolic compounds in the fruits of mangosteen and

malacca tree using near infrared spectroscopy

Project Leader Assistant Professor Pramote Khuwijitjaru

Co-Researcher Associate Professor Praneet Opanasopit

Research Grants Research and Development Institute,
Silpakorn University (FY 2011-2012)

Year of completion 2014

Type of research Applied research

Subjects (NRCT) Agriculture and Biology, Agro-Industry

Abstract

The objective of this study was to evaluate the feasibility of near infrared
spectroscopy spectroscopy (NIRS) for determination of phenolic compounds content and
free radical scavenging capacity in fruits of mangosteen (Garcinia mangostana Linn) and
malacca tree (Phyllanthus emblica). In this study, NIR spectra of mangosteen were
measured in intact fruit, juice and methanolic extract while the NIR spectra of malacca tree
fruit were measured in intact fruit and methanolic extract in a wavelength ranged from 800 to
2500 nm. Insufficient prediction performances were found for NIRS of intact fruit and juice of
mangosteen and intact fruit of mallacca tree while NIRS employing methanolic extracts
resulted in reliable prediction. The best prediction models for total phenolic compound
contents in the ranges 499-4,656 and 360-4,200 mg GAE/L for methanolic extracts of
mangosteen peel and malacca gave Re, RMSECV, and Bias values of 0.98, 171 mg GAE/L, -
0.676 mg GAE/L and 0.97, 198 mg GAE/L, -1.12 mg GAE/L, respectively while the best
prediction models for free radical scavenging capacities in the ranges 5-48 and 6-67 mmol
Trolox/L for methanolic extracts of mangosteen peel and malacca gave Rz, RMSECV, and
Bias values of 0.97, 2.0 mmol Trolox/L, - 0.003 mmol Trolox/L and 0.97, 3.54 mmol Trolox/L,

0.00 mmol Trolox/L, respectively.

Keywords: Analytical method, Phenolic compounds, Extraction, Mangosteen (Garcinia

mangostana Linn), Indian gooseberry (Phyllanthus emblica)



ANNTUARELAZNENUN NUNINENagAalIng Wil 49.9 5

FalAsIN15 NSNAUITELLALNTUIAAMAINEIMNTAIEARUURIINNIZ LU

aunsusagrulnaduiulssnugnaunssnaius

dl va v
T2

mmz%mmmﬂmmﬁmzmMu‘l@ﬂ@m@fmmm NU1aneagAalng

1 | a o

2 fangpnansnanad g, yasansnd aunlys (§0uidt)

ﬂmﬁﬁ’mﬁ‘ﬁ‘mﬂﬂ@ﬁlﬂmtmﬂI‘Lﬁ@ﬂ@M@’MﬂﬁﬁJ N[ AaLINg
WA UYANHUNTINE sulsrinniupuAullszantl 2556

ANNTUARELAZNNUY NU9NeaeAalng

Ta5a 2558

A117377 (81989A3N9T.) mwmmmmﬁm:‘%ﬁwm NANITIGAAINNITNINE AT

UNARE

Ao ad o - o = A4 o o a -
U UNTRYUsradAiaaaniuuLa s AN WILATEIHE AUFUN19ILATIERA AN

4 . - . Yy . d as
BIUNINANNINAAAIIUAIEN1INAR TuszAUgRarnIsunsaNa i T sun e 199w uay
A3 NLULRNARINITILATIZITAIMILAN LT A9AUAMETUNN199 LA Z UL A 1ATRIND AL
a s A 1 o a s dl % o o dl 2 'S
HegAlsznaune uwaanulinuas laud gunsnluanmnniuas ndesFudtynuninnlfimuaes

a

I5A CCD LAZANUNIUANALINARNARIN1TIATIcFLLUaaulall nalAne Nl iaanuzazng

¥
a aAaA o

Fuftil h shmna wlwaziraglaa iuasdilsznaundn @5190UUANaaINIILAIZHAIMINLAT
1urAnBuiesudaiazaneldseanun (Total Soluble Solids, TSS) Tagl#nafla Partial
Least Square Regression (PLS) AMNAINIIAANALLAY (@unasu)lussuuasfeunduiians
ANENIAAL 400-1000 Y THLNATIRST LT AZNAT IEANNIAT eIl BULLL WU UL Ae 9T
#5alaeldalnninanniatesduuunliA duisyAnanisdndula (RY) 999a1n1sN191une
Wiy 0.92 uazifiesianismoudenaunisdosalnniuilElEan R winfu 0.647 anusd
LULdaesRa39annalnnfufaedei lEanniate Handy Spec Field 1000 (Tech 5,
Germany) JA1 R® 28981N1TN1INUNELASANNITNIUAB LN 0.975 WA 0.855 AMNATAL

1o A

=X -&I A dl a o d”d a a o dl A ¥
LLZWNENLﬂ?‘ﬂ\ﬁJ‘ﬂVl‘ﬂ‘ﬂﬂLLUUIMQ’]H’J@HHN‘U?SNWﬁﬂWWI‘H?ﬁZﬁUVI@’]N”I’a‘ﬂﬁl‘ﬁ\i’]uiﬂ LAENNATTN

Y o o A

wugntlaandniAsas Handy Spec Field 1000 tiasanndaqainaasndasiudnyyinnan dan

sensitivity Tuganauaunsagulng (Near Infrared, NIR) #A1N97 wiadnLlawaen s

U



b

o

ﬁQ’]ﬁJL%ﬁJLL@QIuﬁQQ NIR ﬁl;lf] LN@VIqﬂqﬁ‘Vlﬁm'ﬂULLUU@WEIW’]HL@%@H‘?]&]J’JHF‘WQ']NL%’J 30 LEURLNAT
FRRLN WU IAAANARIALAREUWTUNIMNUNLANY 13.25% WeaTnsnziuuunis limanuen

dl o ' dl A & o o o % 1 a dl o 1 % 1 o =2
ﬁ@u@']LW']ZWU']']L?]?@\?N@W%LLUUEI\‘I’J@@Lﬂﬂﬁl?ﬂiﬂim@:ﬁl@ﬂﬂW@VngVIquqﬂﬁ’]VLﬂLLﬁJuﬂ’] SN
° y = = o 4 A4 A A .o o
"Q’]Lﬂum‘ﬂ\‘illﬂ’]?ﬂﬂ‘]ﬂqLL@Z‘]J?‘LI‘}J%\?Lﬂﬁ‘ﬂ\‘]ll‘ﬂL'W@L‘WNV’VJ’]NLLNHEI’]QLuﬂ']?Vl’]u’]EIQMﬂ’]Wsﬂﬂ\‘iﬂ’]ﬂ'}?
maldl

Ad1ATY : Bunsusmtulng, LWUAIaIAUNIW, ATUNINENMNT, N13Thanulatl



Development of NIR system with specific wavelength source for an online quality

determination in food industry.

Researcher Dr, Sarawut Phupaichitkun., (Project Leader)

Faculty of Engineering and Industrial Technology, Silpakorn University
Faculty of Engineering and Industrial Technology, Silpakorn University
Research Grants Fiscal Budget of Year 2013,

Research and Development Institute, Silpakorn University

Abstract

The objectives of this study are to develop an online prototype instrument for
determination the properties of agricultural produces and food products including software
and prediction model for an online application. The instrument consists of light source, lens,
grating, camera equipped with CCD sensor and conveyor. Fresh-cut papaya mainly
contained water sugar and cellulose was as case study in this work. Partial Least Square
Regression (PLS) prediction models were developed using reflectance spectra at 400 -1000
nm acquired from prototype instrument and Handy Spec Field 1000 (Tech5, Germany).
Prediction model established using spectra from prototype provided the coefficient of
determination (R”) at 0.92 for calibration. Prediction model was validated using the spectral
extracted from online image and the accuracy was shown at R® of 0.647. Better prediction
performance was found at R® for calibration and validation at 0.975 and 0.855 respectively
when using spectra from Handy Spec Field 1000. Using prototype prediction model for
online prediction gave an error at 13.25%. High prediction error may cause by the sensitity
of the camera and the intensity of the light source which limit at NIR wavelength. No
correlation was found using a set of specific-wavelength from prototype equipment, in
contrast with that from Handy Spec Field. Therefore, further study is required more
sensitivity and precise spectra to improve the prediction ability.
Key words: Quality model, food quality, online measurement
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chlorpyrifos, EPN Waz omethoate NgxAN3LNWE LAuA Carbofuran waz Methomyl ) aanuilas
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IS ' o v o ' di o 1 dl A v ag/l
auntsiAumnnzanuinisti il ldiiuenanndifiasainsaedttan i lunisasieannistiv
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AATLIRIRIANANZINNLTAN

AnuanIaaetdN1sanana lidnmaiingidninsaintdaunssaerulnaimaaduly
1ﬁ1uﬂﬂa‘ﬂﬂﬂ°’ﬁﬁqmﬂﬂ?‘uqmm?ﬂﬁ‘zﬂ@u?\luﬂaﬂﬁwmLL@:mmmmmiumﬁmwga
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