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Evaluation of histamine in sardine fish and its freshness

by near infrared spectroscopy technique
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Research Title: Evaluation of histamine in sardine fish and its freshness by near infrared spectroscopy

technique

ABSTRACT

Objective of this research was to study the feasibility on evaluation of histamine content in sardine fish which
indicated the freshness of fish by measuring spectra of sardine samples using four spectrometers which were FT-
NIR spectrometers (MPA 1% Matri)-(, Bruker, Germany) (12,500-3,600 cm or 700-2500 nm), MICRO NIR
spectrometer (JDSU, USA) (1150-2150 nm) and FQA NIR GUN (Fantec, Japan) (600-1100nm). The fresh sardine
fish (sadinell longiceps) from China were subjected to the experiment in three different forms including intact fish,
fillet, minced meat, and in case of MICRO NIR spectrometer, minced meat with glass. The absorbance spectra with
or without different mathematic pretreatment were used to developed the prediction model for histamine using
Partial least square regression (PLSR). It was found that the model developed by FT-NIR spectrometer (Matrix,
Bruker, Germany) gave a better prediction performance than other spectrometers. The best form of fish that gave
better model performance was intact form. The best model was developed after spectra pretreatment of SNV
(Standard vector normalization) and it provided coefficient of determination (Rz), root mean squares error of
prediction (RMSEP) and Bias of 0.696, 16.1 and 5.95, respectively with 7 PLS factors. However, if the R is
between 0.66-0.81, the model could be used for screening and some other approximate calibration. It could not be
used for quantify or in quality control in factory. In addition, it was found that the vibration band of chemical

bonds in protein (N-H bond) and fat (C=OOH bond) highly affected the prediction of histamine content in sardines.

Keywords : Freshness, Histamine, Sardine fish, Near infrared spectroscopy
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affAY (histidine) ﬁﬁmjmn‘lu‘lﬂsﬁun’i‘yeﬂm WlAouihiBaniiiu @istamine) Sufluensiuuaziisdans
ninfevestan (Food Wiki 2012) Feeziiiudilassatamuniivesdamiulsenoudae Wuse CH, N,
CH,, C=C uag NH, (MwiiL.1) Sendudlessursnsalamenaduogluzag 7002500 nm Faezifiams
AAFUAIANUBIIY Overtone HaL/M3® Combination 194 fin11e12AdY 1140 nm Wumsdurzfouuyy
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1415, 1725 waz 2323 nm finsduazifiouvns CH, (Osborne and Fearn, 1986) finn1811AAY 2347 nm
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ez 779, 1030, 1060 Az 1530 nm tun1sduaziiieuveslnsead1s RNH, (Osborne and Fearn, 1986)
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msasndeulSuiadamiuldls 404C Official Method 977.13 uag AOAC Official Method
957.07 Histamine in Seafood (AOAC, 2005) c‘ﬁaﬁmdngnﬁﬁﬂim‘ﬁ 75%(v/v) Methanol Thensazaehi
afn 18N/ anion exchange resin column  wawNSuhWaweyiuiFamTuiuas o
Phthaladehyde (OP’I‘)!!.ﬁ"Jﬁ‘mﬁlﬂi131’71411]?1116!116&6%1’3’1‘!{ Histamine ﬁ"mm?m Fluorometerﬁ
Excitation wavelength 360 8¢ Emission wavelength 450 w1lwwas uasimurandy ThiluilSua

Histamine 10875 External calibration curve
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anlnlastiwesyaduand iy vinwhdwiolanndammzdiunmumsaunundudioiialiazidos

o ‘ U t @ a o oa A
udnivitoardu @ lusmufnasvnaduiuguinais 50 Tadwas ga 15 Tadwasdrunsesanlnlag



= = [ A A A ' o A o
o fyaAumuduFimsaunudionies FQA NIR GUN waquiniesdisnasuazfiduietlostuuaa

J : ‘I 1]
NMIUBNTUNIU LAZMIAUAUAINATEI MICRO NIR Imsaunuilotmrdurmudusiuudidie

‘ 4 SR Y
Rl a3\ W

| e v 74 viw) La 74 A dta Va5 T W2 v e—
2 3.4 myaunudamissanInsiino sy

3.2 qunsafitlflunmanes
3.2.1 tilgsewrlsusaanlninsfines
1. m?m FT-NIR spectrometer (MPA, Bruker, Germany)
T2 WA 12,500-3,60090. " (ANNEIABY 7002500 11 Tuins)

AT 3.5 1AT84 FT-NIR spectrometer

S . 4 i .
MIAINUATDI FT-NIR spectrometer Resolution 16 cm ! _Sample scan time 64 scans, Background scan time 64
scans, Save data from 12500-3600 cm '



A ) 4
2. 113939 MICRO NIR (JDSU, USA) ¥1ANN81IAAYU 1150-2150 wluwns

19 3.6 1399 MICRO NIR

& . 4
MIAINUATDI MICRO NIR Int. time (ps) 100 ps, No. Sample 5000 s
A ' A
3. 17389 FQA NIR GUN (Fantec, Japan) $29A2140130 01 600-1100 W1 TU4As

¥y

. TR ) B

MW 3.7 19504 FQA NIR GUN
S v 4
M3IAIAUATEI FQA NIR GUN Custum (Max.) 1000 ms 1800 15 ms
3.2.2 gnsaidug

1. Muufnauvinadurugudnai 100 Tadwasgs 20 Tadns



2. vruufinanvinadurugudnaie 5o Tadwasga 15 Tadwas
3. fig, 1369
4. My
5. nzagdls
6. QanaaAn o
7. Ny
L
8. hinau

b4 1)
9. yIatiunau

3.3 M3 ialSinaSamiiud 35 Fluorometic Method 912817504 Fluorometer
o & o A Ay a o " a A Y A e a
wiilsladuazBeanmumsaunu llinsediviSinadamiiudeiimuaiduduannasg s
&
99415907915 29AAININNIATTIVEING AOAC Official Method 977.13 118 AOAC Official Method 957.07

Histamine in Seafood (AOAC, 2005) #181A584 Fluoromete (Quantech, USA)

3.4 myannevideyanazarmuudiaedumarinnem

J o a e} o ' 1 % o =y 9 LY dy
ABUNINSTAUATIESHADININTIIATIADUMUBNAGY (Outlier) ﬂlﬂ@%ﬂyﬁﬂﬁﬂ'llluiﬂﬂﬁl‘ifﬁilﬂ’liﬂ\mﬂhlﬂu

X-X
——>3
SD

H
Y

Tagii X Ao msamiiuiiianniimani X fle Aundevecdaniy uaz sD fio Audeunumasg
wazthdeyavesainadudi 18w inseaeumuennngud 1633 Principle Component Analysis (PCA) nniuth
ﬁ’l’ﬂgaﬁ”wmma%'mm‘u%"mmm1uﬁuﬁufszwinﬂ?mmﬁﬁmﬁummﬂawﬁ'ﬁuﬁn Optical datalagEn1a
Chemometric 1U\/Partial least square regression Iaumisdoyalluaesyafio gaawvusnewasyaiigad
nuraeslnelidndudeya 82 doyamnasuildnimaios FI-NIR spectrometer (MPA, Bruker,
Germany) Hn3124 Ina 1151051 OPUS 7.0 (Bruker, Germany) TaesimssamsanlnnsuiiosduTne3% constant
offset elimination, straight line subtraction, vector normalization (SNV), min-max normalization, multiplicative
scattering correction {MSC), first derivative, second deﬁvaﬁve, first derivativet+straight line subtraction, first
derivativet SNV UAg first derivativetMSC ¥ioldanasududn dadeynanlnafuilldnmaioamicro

NIR (JDSU, USA) #a2sf583 FQA NIR GUN (Fantec, Japan) 3A312¥ a8 1151053 Unscrambler 9.8 (Camo,



Norway) Taglimsdamsenas m‘ﬁfméfuiﬂ 75 Smoothing S. Golay, Normalization (Mean, Maximum, Range),
multiplicative scattering correction (MSC),first derivative (5 and 11points), second derivative (5 and 11 points),
baseline offset, de-trending Ll@% standard normal variatet+de-trending msﬁmﬁammuﬁmmﬁﬁﬁqmsﬁmsm
91091 Coefficient of determination (Rz) ﬁq\i‘ﬁq A Standard error of prediction (SEP) %30 Root mean square error
of prediction (RMSEP) Wag Bias ﬁ1ﬁq f

35 mydSugaisms

o g a a a @ v @ =
3.5.1 miamswmlimmaﬂmnu“lumamaﬂmuﬁmmmﬂm 3.1

a15299 3.1 USunadaeiiuludsindamsauaa

Std.

ﬂfillﬁ’J’t)Ehdﬂm N Mean | Deviation | Minimum | Maximum
nquiisnegamgifi o°c [ 150 | 29841 | 1.69434 12 8.02
nquiing 3 lugungiivos
(22-25°C)
4 hr 10| 8950 | .20813 54 1.20
10 br 10| 4700 | 40931 8 1.59
15 hr 10| 22520| .92388 1.07 3.70
20 hr 10| 2.6080 | 1.61619 67 5.95
24 hr 10| 46770 | 76674 3.44 5.68
Total 200 | 27832} 1.73688 12 8.02

o Y1 1 o'y T Aw = a A a = =
"l]gl'ﬂuulﬂ'ﬂﬂqnﬂﬁ']“]ﬂiﬂuﬁﬂﬂiﬂﬂ'lﬂmﬂ{]llﬂ 0 °C uﬂ‘immaﬁmuqujmmzmﬁﬂ f18 0.12 ppm HAY

L] 9

2.

8.02 ppm MuAAY dunguilngldlugamgiides (22-25 °c) 24 hr HSinaBanuiugegaiio 5.68

ppm NTTAUMIAILANYTINMETTIUTNIAINTZ0A scombrotoxic TimUszanal 10-200 ppm  s2dUR
a a a 1 & o ) A
AalnAvesdamiiu fio gend1 50 ppm Fadmualuansgowsni (Federal Register, 1995 813108 Kose et

=y

al. 2011)) Fermitlglumsnaneafouniinn ildbimnseahauudnesiinseunguiethafifimae
miufRandld  mazasihuuiaedildadMalidluanuiuseiuihide g eietalaiisl
WBanaidamilufin ety i 0-200 ppm

3.5.2 MsdsuseAulSumdaniiy

S A = @ [ [y a v v v 4 a a =)
A1TNN 3.2 LLEWNNﬁ‘ll't’)\‘]i&’ﬂgnﬁ'lﬂ"]'lﬂﬂﬁﬂEJN‘].]ﬂ']hl'Jﬂlu@mﬁQNﬂ@\'iﬂﬂﬂ'lill‘l.l\iﬂﬁ]lﬁlﬂ\iﬂilﬂmﬁﬁﬁ']ﬂu
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o a o 1 9 a g
137190 3.2 Nﬂ‘ll'i)\i5$EJ$L'Jﬁ1‘VI'J']WI'JE]EJN‘iJﬁ'Ibl'Jcluqm‘ﬁquﬁﬂd

domsutenguuelTnadami

Histamine

Duncan’

Subset for alpha = 0.05
Time N 1 2 3
10 10 4700
4 10 .8950
15 10 2.2520
20 10 2.6080
24 10 4.6770
Sig. 309 393 1.000

119197 3.2 vz ldiina 4 br uag 10 hroglundui@ieadu 15 br uag 20 br oglunguieaiu
Wag 24 hr egdnngunile ﬁ’qifu“lumimmwumimamda"lﬂ‘%qmS%zmﬁ'aaamﬂm"l%"luqmﬁgﬁﬁmﬁ
nnnd 10 $2 Tl snnsTianeineadd mwdl 3.8 ansimasvenfinadaniiumunatlums
neretidar 3 lugamgidosiuaauduaumaduase i Tlufiagnsdroddm 1 lugangites
ol 18UsinaBamTu 200 ppm vzdes1dinnr 1065 Frluanse 45 fu wazawii 3.9 LamIMATTDY
USinasamfumunalumsnafohalm B lugungidesfivaauivaumadndnuubon  adedld
e 64 2 Tuenso 3 fu WenSeuFeutunud narlumimededm B lugamgiteudiuna 45 Su
Tifiandull1g Jseznesheaadanlilugamgiivies ihua 3 i Taesmaihu wiu 10 20 30 40 50 60

uaz 70 $l3 lideeaagaas 5 63 593 35 6
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£ 600
&
= 500
I? i
& 4.00 -
W
[0
€ 300
S y = 0.1883x - 0.5687
Ui -
!?, 280 R’ = 0.8097
s i
2 100
T |
€ 000 T e o e
e
®
0 5 10 15 20 25 30
narlumseiedisaililugamgiiies (hr)

A 3.8 AnnasveulSinwsamimmunaiuns mdsnia ilugungiides (@umsiduase)

g_ 6.00

s

32 ‘ )

& 400 | ’

© |

({0} |

g 300 |

P _ 0.0981x
15 200 y = 0.3893e

@ R = 07238
s 1.00 -
1@ A

@ 000 : - D
Tl

&«

0 5 10 15 20 25 30
vartlumseietaanlilugamgivies (hr)

A 3.9 AundsvenlSinadamiiummunalumsneiedla  uguingiives
(@um3dng ImuwiFoa)
353 nsdruniesalnInsiives ainpilit 4.2 uamsrnasumasvenlaniaia diodauaziolmdy §
AUNURILIASDI FT-NIR spectrometer (MPA, Bruker, Germany) 330U x ABA1 wavenumber %38%298117u

i 2, : : -
AAY AR 12500-5000 cm” LAZUAY y ABA1 Absorbance 1UNIAYDI Fillet 1aZ Chopped meat IINA over

12



absorption YDINALTIIUIUNAY 8000-3600 om” Fadeaimsudly e’ lMiAa over absorption ATAAAYT
nnglii 43 uansalonsumisvenlaiata lodm Lf_ﬂﬂmﬁmmzz'ﬁ‘uﬂ1Jmé‘r’uvhuuﬁaﬁauﬂm’hma?m
MICRO NIR $nu x #oA1 wavelength ¥%30539ANE1IARY Fue 11502150 nm uazunY y fiod1
Reflectance WU msauauaunsaaunyldnasesiearuenaiy uas Absoance fitiios Sudpaiinns
YsumsdarundosTns Tasmsdarn Integrating time (us) 100 s 21995 A0BNANTIY 111 1000 ps uaz W No.
Sample 5000 sample (111A uazmngﬂﬁ 6 uansanlnafunasvealaniis derlawasiiorladuiiauny
&101A509 FQA NIR GUN 10U x ADf1 wavelength H30%23a71181908Y FaUA 600-1100 nm HAZINY y fio
M Absorbance WU URSIFUMSAUNUA IO MICRO NIR 597035ims1l3um Integrating time
InsiormaAn 15 ms 15U
3.5.4 mydSnlyeszuy

NARDIAUNUAILIAS0Y FT-NIR spectrometer (Metrix, Bruker, Germany) $34$1431AAY 12500-3600 cm”
(AUETIAAY 700-2500 nm) 11389 MICRO NIR $29A211819AAY 1150-2150 nm 11a2iA589 FQA NIR GUN
ANUIINAL 600-1100 nm $13N 2 FI061 hemsliudaAuniosimingay FwmamsiiudsanlnTas

£ L]
TRDsNITUAAIRIA1 197 3.3

13



] £ E4 y
m31efl 3.3 madlSudlSudmiln TnsiimesilionSudlgeszuy

Spectrometers | Wavenumber or Remark Samples Adjustment
Wavelength
1. FT-NIR 12500-3600 cm” 11mM315Y gain (Gain intact preamp gain VD4
spectrometer 700-2500 nm adjustment) Lﬁ@ﬂ‘;ﬂuﬁ Q‘ﬁ fethailu A uaz
(Metrix, Bruker, L‘l’h’ci Detector 9814 preamp gain U8B
Germany) (MINLEY A1 Ref HUNED4 background 1 A
LifinmsdSuunsalnasu | fillet preamp gain U4
Tae 891 A B uag Cilly | minced et cuaz
preamp gain Wueha a1 | meat preamp gain V0
A background L‘ﬂu A
YYIWAUY 1Y (amplify)
Taans x3, x30 1ag x300
AN
2. MICRONIR [ 1150-2150 nm intact Integrating time
(JDSU, USA) 1000 ps
fillet No. Sample 5000
samples
minced
meat
3.FQA NIR 600-1100 nm intact Integrating time 150
GUN (Fantec, s
Japan) fillet Integrating time 25
us
minced Integrating time 150
meat

us
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FY v
3.5.5 TUADUMIAUHUNIY (g915197 3.4 1/52no1)
] } 4
1. MegnlaazgnaunudedisniossdnInsiimesieaw Tnoldiedraarduu 149 danzunie
o A o \ ée d' ;7 | o YN =
soniuaeIya AoYANIN 49 A1 azguanmansauaandglssnu lugausnazdumslSuseaudamiiu
Taeazifinlugamagfives fAnmiluaneiaiu 7 $2am fie 10, 20, 30, 40, 50 60 Uaz 70 hr ¥3IMAE 7 &2
d' ¥4 ¥ =3 d' T4 o % <1 d’ A <1 ]
LazyaNae100 fezgngumnnudeniuidenudaudeuduveddsenalaiignusiionndsesgniian
Y sy v \ =1 W o o P Y I :’ o
asaEAIENIINITURNIINU MIguazguINNUFenqas 25 Mdruau 4 vden Uafiazmeudrzumiuda
Y o ) Y a a Py 9/ ad :/I a
13 Sowrgaingiiszanm o °c uagialSinadamind03tdudy
Y o 9 3 k] o v o o 3 a a =3 o’ w
2. yaahiveyanvuANa LU TIaIANIFINUT sz lS naFaaiuve s s sau iy
Optical data Tag35N14 Partial least square regression

o 4 o a g Y t { &
3. nagauuuuiaesie leiuemssamiiu luiilsda1ve 081971814 Unknown

3197 3.4 Myl Juidenudeydsuljeszuunds

a 9 dl Yo a
a9l Wi AsuRnrou
4
o 1 1w [ Y o =] a
1. Msn3ouiegdm quérediatlain 49 i azatesi®s (Munssuis
@Emslfusgauganiiiu) ¥o4153010) 10 B ludemaaesiniugugangi

sgus 22-25 C° NBIMAUANAIAU 7 ¥ 2900

fn 10, 20, 30, 40, 50 60 (1A% 70 hr FIUIA1AEL 7 62

=Y

P % 1S d Ny w
‘l.]ﬂ'Wla$ﬂ'IEJLLﬂ'J%$LL‘If‘1HLL"1N‘1'J SﬂH']QfM‘HﬂJJ

a

Y

/52309 0 °C wazyide 3-9 mudinu

FU
Y v < o

2.A15103 sude191an 1. guA9E191aIN1 25 #2910 1 VDDA NIHLA 100

q

b3
1 o v a Y v Q o a, i
(\lﬂﬂﬂ1iﬂiﬂi$ﬂ‘ﬂgﬁﬂ1ﬁ1‘!) AIDYN DT1YUULUI (ﬂWUﬂSiM?%ﬂJ@QTiQQTH) Glﬁ

9 ' = g‘ d A o a @
Plundesfiussydudaiesnuigumgiivein

a

Uarlildidu o ¢ ludemanesiinrugugumgil

U

sz 22-25 C° uagiide 3-9 mudidu

1 [] ¥
3.msaunudIetnladidinnied | LFT NIR : aunuladifguanaunuusnudau

NIR Spectrometer GI'N“] ﬂ?ﬂﬁaatﬂuﬁu"lﬂ

2.MICRO NIR : aunuiardanguinaunuusiom

v
o ] o
dagasutoudludulyl
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4

o o

aoil N URNAYOU

e
an

3.NIR GUN : aiunuilardanguanaunuysnadaus

[~
asueatludull
- Y ] 1 £ v W 9 Y 3 < P
41958 108131a1A5 fati dans wazion ldeanIinuanimiufmass
-7 [} T A oy ¥
5. MIauAUABElaIAT 1.FT NIR : aunuusnauiiolan

2.MICRO NIR : aunuusnaiolal

3.NIR GUN : aunuusnauiiotal

=} Y L] @ d’l o 1 d‘
6.MIAssudRE19la A LAausamsefmmruINeuny

2 dulazBuade1nT homoginizer

= Y ' o o o 1 P q 1 s F) 1A o 1
705eualstdmivaunulalua na0197 1A 1 petri dish niouldyonindis

8.MIauAUAIBe19a1ua LAunUAIDE19A781A5 99 FT NIR

2.81NUAIDENAIBIATOI MICRO NIR

3.fTLLﬂu¢T’J’OEh\39‘1”JEJLﬂ§’t]\1 NIR GUN

a 'S a a Y ] ] [ :l o '
9. Jimzirlsagaaiiud e megrazguny BludaIWuusspdwdaudads

d' Y 1 Y 9 a wa =1 Y] (]
17393 Fluorometer Gl’J’OEJNiHﬁﬂQ‘]J;]UﬂﬂﬁVIﬁZ 10 AI9YUN

a o9 v ° 9 !
3.5.6 msamsww‘uauauazﬁsnuuumaaﬂumimmﬂm

L]

1 o a a9y a 1 1 4 9 a = 9 w 1 d’l
NOUNINMIUATIEHADININITATIINADUAIUDNNQY (Outlier) mamyjaaﬁmuuim‘lmﬁumsmma'lﬂu

X-X
_>3
SD

Tae?l X fie MarnTunianiimund X flo aundevesdaailiv uag SD Ao Audoauuumasgiuuasii
1 b4
foyavesailnaiui IdunstvaeumuennnguaI83T Principle Component Analysis (PCA) 91niuihidioya
3 9/ o o o d 4 a a = da w . as
mruamai e nud s s lSunaEamiiuvesa1ss AUy Optical datalaeifng
. . . ' g o a «

Chemonmetric {U/LiPartial least square regression lasuustoyailuasyafieo gaadrauvinowazyaiiged
uuudiaeeleslidnsidiudoyn 8:2 doyamilnaiui 1An1mAToq FT-NIR spectrometer (Matrix, Bruker,

a o . o o 4 a,
Germany) UA512¥ 1ag 1151031 OPUS 7.0 (Bruker, Germany) lagiimssamsainnuiiosduTnedT constant

offset elimination, straight line subtraction, standard vector normalization (SNV), min-max normalization,

multiplicative scattering correction (MSC), first derivative, second derivative, first derivative+straight line

16




o W
aUNMIENANAN WIzReMNT AT

subtraction, first derivative+ SNV 118 first derivative+MSC wiel¥anafududi dandoyamlnaiuiildnn
1A3BIMICRO NIR (JDSU, USA) 118218309 FQA NIR GUN (Fantec, Japan) 31512 1aoT1/sunsu Unscrambler
9.8 (Camo, Norway) Iaslinisdamsmilnas: m‘ﬁmﬁuiﬂﬂﬁ Smoothing S. Golay, Normalization (Mean,
Maximum, Range), multiplicative scattering correction (MSC),first derivative (5 and 11points), second derivative
(5 and 11 points), baseline offset, de-trending 11012 standard normal variate+de-trending msﬁ'mﬁanuum’mmﬁﬁ
ﬁqmzﬁ%ﬁ 191AA1 Coefficient of determination (R”) ﬁqaﬁqﬂ Root mean squares el;ror of prediction (RMSEP)

%39 Root mean square error of prediction (RMSEP) (0% Bias ﬁ'lﬁt!ﬂ

17
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uni 4

Han13398

4.1 vamsnaassneumsdiulyiEms

nnmineiaaulnaiuysdaarfiuuigns wuiill peak fatuiaundy 3042, 4304 ua 5909
ar. (2537, 2323 waz 1692 wluwas) (nwdl 4.1) vinmsasataanasudae

alnTnstmeRiaauniosds FI-NIR spectrometer (MPA, Bruker, Germany) vodilanfuda
(Intact fish) larASuefseen (fillet uasipmFuaziSen (Chopped meat) WU peak wudaifiaf
DURAY 10191 LA 8347; 8447 WAZ8216 WAy 6927 BN (981, 1198, 1184, 1217, 1444 W1T1uA3T)
AIERY (MM 4.2)

1AmMIasesasnafuvesnies MICRO NIR (DSU, USA) veulawiiadeqdend1a wuh
peak IAUFARAANETINAY 1284 1A 1505; TNy peak; 1202 Uz 1646; ung 1578 Tumas muddy
(gﬂﬁ 43) waznnnsasedaanlnafuueuniol FQA NIR GUN (Fantec, Japan) ¥03Umwiiad
A9nA1 WU peak AuTaRanueInaY 991; 969; AL 993 W1 TUIUAS A (mwﬁ 4.4) 1ilpa9n
ﬂmﬁﬂ?mmfmmﬁaﬂsmg peak ¥pati1f 969, 981, 991, 993 taz 1444 wiluiuas Taeiily peak Hudy
1N 970 1AL 1450 u1iusnms§uﬂummw§mm O-H str. Second overtone 0¥ O-H str. First overtone
(Osbome et al., 1993) peak Mudunn 1160 wiTuwns (8621 ™) Wumsgaduves C=0 stretch 4"
overtone Amino acid (g uwilavesTilsau) ez peak Avduain 1170 wiTumas (8547 au™) dums
gAFuves HC=CH (31l 4.2) (Shenk et al., 1986)

vnmsed 1 deyannadavesmBamiuvestansau Tasuiufiy 2 agu fie Calibration set
g Prediction set 3904111523 0.120-8.020 ppm M15197 2 LUU$1ABIPLS fiangadmsumsinsamiu
youlmandaudraniosannlaslinesuvumenuinuudaeslumsiunelfinadamiviaige
1dnma3es MICRO NIRlutlaufinda (ntact fish) Iwmmsiamnalnasud1675 Smoothing (19
points) + 2™ derivative (11 point) Tnefia1 Coefficient of determination (Rz), Standard error of prediction
(SEP) 1ag Bias fio 0.364, 1.247 uag -0.290 audwu Iasll PLS factor 1My 16tlarnsueifisenn
(gilted) Invnmsannanasud 1833 Smoothing (19 points) + Baseline offset Inediin R, SEP uay
Bias A9 0.601, 0.990 L@ -0.008 AU&MY Tasdl PLS factor (iU 14 luiiolmduaziden (Chopped
meat) TR inanniswannanna$ud 138 Smoothing (19 points) + Baseline offset Tnglia1lif1 R’, SEP uaz

Bias A 0481, 1.245 1A -0.042 Mud19i Taedl PLS factor 11y 17 naz lwiloilarduriuuda (Chopped
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meat with glass) Tdmnnnmsnannanlnasude3s Smoothing (19 points) + Multiplicative Scatter
Correction TaufiMiifm R’, SEP 1Az Bias A0 0.459, 1.158 uag 0.140 mud v lasdl PLS factor 1M1V 12
& ' :; ' & 3 v ° i
Faztuhmsaunuiiolarnaiuerteeenldnadniga uanuu$ e 1814 PLS factor NiAoud1age
e R 2 4 o o a a Jda o
(ag Williams (2010) 52311 R® 52313 0.50-0.64 wnannsoihunaiiadiessudsusa ) 1§dmivms
IINUBENNEN  (Rough  screening) 89 liaunseir I ldszyAmialumsmuquaszuoumsu
I3 ¥ 13
Tsamlesnlsia  1awan 185 unianmiin i/ 1éhe ialSinadamiivlulamniaulasly
a q’ ¥y @ ast ' a ' @ ' da & a a oA
matiadl uadesmsmsdiulyadinmaru na lumsaunurasmuynmenlamiilfinudamiiui

2
ey

4304 3942

3.5

25 |

Absorbance

5909

pure histamine

0.5

0 = v
12500 11500 10500 9500 8500 7500 6500 5500 4500 3500

Wavenumber cm™!

Al

ﬂ' o = - 4 ' A -
il 4.1 anlpafuvesdamiliuuIgninyiaavaau 12500 — 3600 cm’
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8347
25
S
2 , Fillet
&
£
Cho meat
15 8447 pped
2 10267
<
1
8216 SN
= ' ' Intact Fish

12000 11000 10000 9000 8000 7000 6000 5000

Wavenumber cm!

DU BT 5t -] AT SRV (E,7 B T4 B0 ST '
i 4.2 andnasumdsvesamand tindaueniioladunaunudioinios FT-NIR spectrometer

0.5
0.4 1284
@
9 03 ' 1595
= X o
= " Intact |
= 02 . ntac
5} 1292 N v
o ~ ‘

. 1646
0.1 \/’\/——\ Minced meat with glass
; | \\ Minced meat 1578 \_/
| Fillet | e

0.0
1200 1300 1400 1500 1600 1700 1800 1900 2000

Wavelength (nm)

3 e H z L 3 ; o - o 1]
M 4.3 anlnasumasvesaniaad tisda saduuaziiislmduruud

; A
NerunuAIeIAT93 MICRO NIR
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1.8

1.6

0.6

Absorbance

0.4
02
0.0

EP ) AL OFRTIINVEE TAY | A A P TAIENG ) |
A 44 aulaadimasys alaniann elawashalmdunaunuaeaTee FQA NIR GUN

L

600 650

Intact fish

rChopped meat 4}

Fillet
700 750 800 850 900 9
Wavelength (nm)

_,.‘/

T —

7

T

S0

993

969

1000 1050 1100

d' aa " a -t ot @ a o
NITNN 4.1 ﬁayamqﬂnnmaamaﬂmnmjmﬂawmuﬁmsm;ﬂmmnswuazqﬁﬁmw

Calibration set Prediction set

Spectrometer Sample
N Mean Max Min SD N Mean Max Min SD
Intact 160 2.79 8.02 0.12 1.77 38 2.75 6.04 0.25 1.60
FT-NIR Fillet 160 2.81 8.02 0.12 .77 38 2.71 5.95 0.25 1.59
Minced meat 153 2.76 8.02 0.12 1.77 37 2.82 7.61 0.25 1.75
Intact 152 2.80 8.02 0.12 1.78 36 2.72 6.04 0.25 1.61
Fillet 152 2.80 8.02 0.12 1.78 36 2.74 591 0.27 1.57

MICRO NIR

Minced meat 157 271 8.02 0.12 1.78 39 2.82 7.61 0.25 1.73
M‘i,,."igdgf;'? 160 2.78 8.02 0.12 1.78 38 2.74 5.95 0.25 1.59
Intact 161 2.81 8.02 0.12 1.78 38 2.74 5.95 0.25 1.58
FQA NIR GUN Fillet 160 2.78 8.02 0.12 1.78 38 2.72 5.95 0.25 1.60
Minced meat 161 2.80 8.02 0.12 1.78 38 2.71 595 0.25 1.59
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Calibration set

Prediction set

Spectrometer
Sample Pre treatment PC
SEC/ SEP/
F
(Frequency Range) R’ Bias ] Bias
RMSEE RMSEP
Multiplicative Scatter
Intact Fish 7 0.303 1.520 - 0.163 1.620 0.018
FT-NIR (MPA, Bruker, Correction
Germany) Fillet 2" derivative 1 0.037 1.740 - 0.012 1.470 -0.001
(12500-3600 cm)
Minced
Constant offset elimination 1 0.015 1.770 - -0.011 1.740 0.043
meat
Smoothing (19 points) + N
Intact Fish derivative 16 0471 1.293 -2.23E-07 0.364 1.247 -0.290
(11 point)
MICRO NIR Smoothing (19 points) +
- Fillet 14 0.694 0.977 -9.95E-07 0.601 0.990 -0.008
(1150-2150 nm) Baseline offset
Minced Smoothing (19 points) +
17 0.688 0.966 -6.21E-06 0.481 1.245 -0.042
meat Baseline offset
Minced Smoothing (19 points) +
meat with Multiplicative Scatter 12 0.510 1.232 -3.55E-05 0.459 1.158 0.140
glass Correction
Intact Fish Baseline offset 1 0.025 1.753 1.09E-07 0.023 1.560 0.043
FQA NIR GUN
Fillet De-trending 1 0.093 1.691 9.55E-08 0.171 1.459 0.040
(600-1100 nm)
Minced Multiplicative Scatter
1 0.009 1.770 -3.69E-07 0014 1.576 -0.004
meat Correction
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y = 0.2738x + 2.0513
« R? = 0.303
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A o/ o d 1T a &
A 4.7 nsmuaasnnuduius lumsinnemaamiua 16384 FQA NIR GUN

4.2 wamanaasamaamsiulzaisms

lumsinseianlnafunanvesistalama 3 silado Yauiiud (ntact fish) Yarmasuerdeesn
(fillet) UAH1AA (Minced meat) i wavenumber 521714 12500-3600 e’ (800-2778 nm) ¥641A389 FT-NIR
spectrometer (Matrix, Bruker, germany ) AN 4.8 wu*héhmhulmﬁmsaﬂnﬁuﬂéuuﬁwmﬁmdnﬁq 3 ¥A
#9729 wave number 6920 (1€ 5230 cm" (1445 #AZ 1912 nm) FUTUAANS peak NYFUIIN 1450 nm Fuiluns
duazifiouun O-H str. First overtone (Osborne et al., 1993) (@291 1923 nm Haudlunsduazifiouves 0-H
assigned to molecular water [O-H stretching and HOH deformation combination] (Workman and Weyer, 2008) 3¢
wuinduamnaiivenlavhatuefean (ile) uasieraiua (Minced meat) auysal i Over

absorption 11224 8000-5500 cm ™' ilouMINg 219AA28 MPA FT-NIR spectrometer (Bruker, Germany)
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N
- 5230
(1912 nm)

\/ - 6920
/ (1445 nm)
/

Absorbance

11500 10500 9500 8500 7500 6500 5500 4500
Wavenumber, cm™!

—Intact —Fillet Minced meat

¥ v I
AN 4.8 anlaaiueRangialane 3 ¥iia N wavenumber 11,500-4,500 cm '

A
YD UNIDI FT-NIR spectrometer (Matrix, Bruker, Germany)

Tumsinsizianlrafunfovesdiodinlar Intct fish, fillet, Minced meat wazilaanafiaunury
ufn (Minced meat with glass) ﬁ wavelength 3 £¥IN 1150-2150 nm ‘Ilﬂitﬂ"?ﬂ»! MICRO NIR (JDSU, USA) mw’v’i
49 wuilufethalar Intact fimsgandunduuaaiiuiountail wavelength 1432 uag 1860 nm lug10619
1/a1 Minced meat i’lmsgnnﬁuﬂﬁuumﬁ'hiiﬁmu‘?; wavelength 1410 1182 1945 nm Taeiilu peak vduen
1450 @ 1940 nm éati‘lumsgai’ma“wanﬁ Fuiumsduazifiouves O-H str. First overtone UaZO-H
stretch + O-H deformation (Osborne et al., 1993)1‘115’18614 Minced meat with glass fmugﬁnﬁuﬂﬁuuﬁamﬂ
Fa19uf wavelength 1395 11az 1920 nm aftemuarosWanlnnsudina Over-absorption #3910 1400
nm tazlusregala an Filler alnasuogiugaafiduiozida Over-absorption ABBANII

lumsiinseianlnadumasvosiieiinlania 3 ¥iiafAe Intact fish, uag fillet # wavelength 52¥71
600-1100 nm $761P3DI FQA NIR GUN (Fantec, Japan) D 4.10 wuhlufesialan nact Halnndud
auysainiwetheviiadu fnmsgandunuuaail wavelength 620, 738 uaz 967 nm Taoiufinfivéunn 760
uag 970 mTumﬂﬁui’lumsgav}"uﬂﬁ'waufﬁuﬂumsefuﬁznﬁnwm O-H str. Third overtone 1182 O-H str.

Second overtone (Osbome et al., 1993) ludeeratan Fillet ﬁmsqﬁnﬁuﬂﬁuumﬁ wavelength 742 11ag 975 nm
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o . - 4 ' g 4 di .
uazludivg1ar/ar Minced meat UMIGANAUAAUUAIN wavelength 614 LAY 963 nm NAWEIAAUNAINT

700 nm Wumsganaunauveasiveuiuld @
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0.5
= 04 4
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g o L.
@ 03 = !
> 1
9
=
@
= e
8
N
0 T T " T 1 T T 1
1200 1300 1400 1500 1600 1700 1800 1900 2000

Wavelength (nm)

Intact  —Fillet ~—Minced meat -~ —Minced meat with glass

13 ¥ v »
AN 4.9 anlnasuyesntedaalana 3 ¥iia N wavelength 1,150-2,150 nm UBUATOI MICRO NIR spectrometer

"7 8
)
0.8 1
06 -
-
2
04 4 '

738

Absorbance

1100

Wavelength (nm)

Intact —Fillet —Mince meat

MnH 4.10 e paTuvoIRI96191/a14 3 ¥iia N wavelength 600-1100 nm ¥DUATDI FQA NIR GUN

spectrometer
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1 aa a a ~ Y 1 L=} 1 ~ a o . . Hq o
ﬂ']‘VI']\‘lﬂﬂﬂ"Ui’J\TﬂiJﬂmMWI'I11‘Ll‘iJENC‘]’)’0EJN‘]_Ia'l°1f1‘iﬂHLLﬂﬁ%%u91uﬂgﬂﬂ1ﬂLUﬁ‘b’u (Calibration set) nl%

aSeaumsiusuazgenadoll (Prediction set) 1ael43% Partial Least Square Regression 9101130579

v

9

a =) ~ -4 { é -] ! g Y
YSurmdaamlununssuiTveslsenu HEAIRIn1319q 4.3 °1NN’ﬁﬂ'l'iﬁ%}'l\‘lffllﬂ1§1ﬂ'lu'lﬂﬂ']ﬂ’3’lllﬁllwuﬁ’ il

=} v d' é o [ [ d' . dz Q 1 d‘d ey
TSR YANIAITINN 4.4 FITNHIUNITIANIUIATON Matrix FT-NIR spectrometer JJVN‘Ig’ﬂWJ’E]fJ'NVllIIhJMﬂTi

o @

fda outlier aziNMsA9A outlier 1uUA196191a182% 25 (40 hr) 31 (30 hr) 35 (30 hr) 91 (10 hr) 94 (20 hr) LA

95 (20 hr) D8N

d' ' aa a a =1 o d‘ g 9 0 s Qs ac
a1519% 4.3 AmndatavesSinadamiuludamsaunldadwaumsinnemad vl ;a3sms

Calibration set

Prediction set

Spectrometer Sample
N Mean | Max | Min | SD | N | Mean | Max | Min | SD
Intact 133 | 23.786 | 188.2 | -1.45137.7 | 28 | 20.7 103 | -1.1 | 29.69
Intact (outlier
deleted) 119 | 17.368 | 103 |-1.45 (25328 | 207 103 | -1.1 | 29.69
Fillet 119 | 24,428 | 188.2 | -1.45 | 38.1 | 27 | 18.7 103 | -1.1 | 27.07
Matrix
Fillet (outlier deleted) | 115 | 19.753 | 118 |-1.45|289 |27 | 187 103 | -1.1 | 27.07
Minced meat 118 | 23.751 118 | -1.45(37.6 |28 | 21.7 103 | -1.1 { 30.99
Minced meat (outlier
deleted) 113 | 18.135 | 114.6 | -1.45 | 26.5 | 28 | 21.7 103 | -1.1 | 30.99
Intact 233 | 23.364 | 188.2 | -1.45|36.2 57| 23.8 | 188.2 | -1.3 | 37.28
Fillet 235 23,101 | 188.2 | -1.45 [ 36.1 | 58| 24 155 | -1.3 | 37.05
MICRO NIR Minced meat 238 | 27.454 | 188.2 | -1.45 | 36.1 | 58 | 243 155 | -1.3 | 37.39
Minced meat with
glass 236 | 23.085 | 188.2 | -1.45 | 36.1 | 58 | 23.7 153 | -1.3 | 36.73
Intact 233 | 22,373 | 188.2 | -145 355 |57 | 229 | 188.2 | -1.3 | 36.9
NIR GUN Fillet 234 | 21958 | 188.2 | -1.45 | 34.1 | 58 | 23.7 153 | -1.3 | 36.73
Minced meat 233 | 22.593 | 188.2 | -1.45 1354 | S8 | 252 | 188.2 | -1.3 | 40.24

Remark : N= Number of scanning, Mean= Average, Max= Maximum, Min= Minimum, SD= Standard Deviation
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o a a Y {1 { o A
42.1 wamsaiaumaminslSinudaniuvesdiee191)al Intact N3aTAsIATEI FT-NIR  spectrometer
(Matrix, Bruker, Germany) nhdamedanalnaudn
M d v A v o M > v
910A15197 4.4 uaaa iU uATEY FT-NIR spectrometer (Matrix, Bruker, Germany) #3anA208191/a1
d o @ o \l = S o 4 § @ ol -
Intact Nt 19AA208 AR NANAY TR apsnange Taslimsdanisan)nasuiiosduuuy SNV (Standard
. . 4' 3 aQ = S P o 4 Aﬂ'w ad
vector normalization) HazMWH 4.11  uaawamsmwlTnadamivalsoudivudunnialdlasis
' o a Q’ o a a ﬂ.l ' @
1Asg e 1530 Imdulsza@ninisaadule (coefficient of determination; R’) ¥BIYANIAIUSFU AU
0.593, AMINNTDIVIANUAANAIAMABIRMIAIED VR IMSU ST (root mean squared error of estimation;

RMSEE) i1 16.7

Fit vs True / Histamine [ppm] / Calibration

100
80 7Y o
i 3,052 L Sty
40 L
o ©

xRS

-20 T 1
-10 0 10 20 30 40 50 860 70 80 .80 100 110
Rank- 7 R2=58 33 RMSEE =187 RPD: 157
Intact{Outlier) - Intact g2
amn 411 msulSeunsudsadaanuniuielagisiissounsusamln Insa InT@201A509 Matrix

.
a o 4

spectrometer 114f798191/a1 Intact YBIYAMAILTFU AUAIIANNIBUNIFIUYDI T390

MNoIMe YANAIMINEDIRIBE T outlier

1A 44 wazaii 412 urawamsinnelTinadamivalSouisuiuainialdlaeii
wasgmvealssann lufredalar ntact vosyaine  Imdulsz@nimsdaduly (coefficient  of
determination; RY) 11U 0.696, M31nfidesvesANuAANAIARMABINMIA1A03¥8IMINRIUIG (oot mean
squared crror of prediction; RMSEP) Taumsfigeiinmisuen tifu 16.1, AnwRANaIARAY (bias) 1171 5.95
waz Sanduszninmdiisauanasguvesmdstsvesgainaremdnudesuuunag ey

HANDIAYDIYAN 1Y (Residual prediction deviation, RPD) iMAY 1.95
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wiitu 18 hdmadaildasvdeunnugndoazanusiuirlumsinned Tasdimsiidsulye
udAsuninau (8in R’, RMSEP, 1agbias (M1 0.163, 1.62 ppm 11ag 0.018 ppm uuus1aeananInlivily
33mM3 R, RMSEP, untbias 1111 0.696, 16.1 ppm LA 5.95 ppm) 0612 15AAN AaulezATUUA Williams
(2010) U1 R252M 919 0.66-0.81 unuudiaealdldsumsinnes Taoszina Tiaunsariunldly

msIvensemsilsziugumn’d
Prediction vs True / Histamine [ppm] / Test Set Validation

100

80

60 P ® &
40

&
¢

20

0

i
-20 . !
00 00 ~10°/200 130 40 5060\ 7080 180100 110

Rank-7 R*=6963  RMSEP=161 Bias. 535  RPD:1895
Intact{Outlier) Intact.q2

AN 412 mslSoufendSinagaaunimuislas s oursusamiln Insa Inll@re1n599 Matrix

spectrometer 14A786141/a1 Intact Y03y 1Y AUAIANINIBINATFINYRI TS

mNome YauAIINGD IRt outlier

1 Regression coefficient qn‘l%ﬁuv‘c‘ugmuinlunnmnwansznmmmmunﬂﬁudnq (X-vaiable)
Tumsinesaunlsm (Y) uasmduyseives Regression cocfficient AIAIGa3 4@ Agyvesdning
vmﬂ1munﬂ§m'i’mio“imaamhqfn'fuﬁm"eg

snn;ﬂ"v’; 4.13 Regression coefficient plot ¥93USUIMBAMIY wuﬁﬂéaﬁmmﬁﬁmdﬂﬁumsﬁ wave
number 1111 8911, 8533, 8201, 7514, 5138 AL 4760 cm (1122, 1172, 1219, 1331, 1946 and 2101 nm)

#1151 X-loading weight plot yughanuennauiisn X-loading weight MAUARINLANUTIAYAD
msnneaulsany luiiueauReafuny Regression coefficient ;ﬂ‘r’; 4.14 U8RI X-loading weight Y93
aumaISinuBamiiliptihala intact $33 3 factor (rank) FMIVMIRANNBHD FMID factor 1 NRAT

finmudvgaoaunsdmiuN wavenumber AU 5223 cm™ (1915 nm) factor 2 N1 wavenumber M1V 8301,
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7737, 5292 WAL 5115 cm™ (1205, 1292, 1890 UAY 1955 nm) UAZ factor 3 7l wavenumber 1AL 8301, 7552,
5107, 5015, 4891 11z 4695 cm ' (1205, 1324, 1958, 1994, 2045 1A% 2130 nm)

M3 4.5 nERIMs AUAzITEUYB IR launA U8R WEINAUTTIA Regression coefficient 110
X-loading weight igaveaaumsUSiadamiuludetiea Intact ikadoorsiinalnAoenud Tavauny
&101309 FT-NIR spectrometer (Matrix, Bruker, Germany) 9zdanafiudimsduazifiouveaiuszues
pamszneuveaT1sAu (N-H bond) tazeanilsenouvesluiy (C=00H bond) fioniwademsiiuielsiu

a = o M
gamuuludegiarlal Intact 110

800 ¢

- 7514

100 }

8833

200 F

0 R 4
-200 } \!/
g

100

Regression Coefficient
8911

600 }

5138

-800 T T T v T T T v T E-—-
93500. 9000 8500 8000 7500 7000 6300 6000 5500 5000 4500

Wavenumber (em!)

v @

a a a P @ ' 1 '
17 4.13 Regression coefficient plot Yo3aumMsUsaFamiiuludrodnar intact NdaRI0819
gre P

nrnlnAveniudl TasaunuAenIee FT-NIR spectrometer (Matrix, Bruker, Germany)
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X loading weight

025 r

- 7552

- 5292

- 5015

' g
005 } /\ﬁ‘
0 S \

-0.05
-0.1

T137=>

-0.15

_0~2 A A AL

HE91

9500 8500 7500 6500
Wavenumber (cm)

RN S S <)

31/ 4.14 X-loading weight plot ¥93aumM3UFanuFamiluludiotharlal Intact NdafmI0619

naanasenuda Tasaunudunind FT-NIR spectrometer (Matrix, Bruker, Germany)

o o a o = A4 & A dav - ) )
AN 4.5ﬂ15ﬁuﬁzlﬂﬂu1104“uﬁzﬂiﬁﬂﬂau“iﬂﬂ']1uu1')ﬂﬁu“nﬂ1 Regression coefficient 11¢ X-loading

. 4 a a @ ' Ao o ' da a &
weight Hige vesaumsySinusamiinluaiedin/al intact idadedniimindesnid Tasaunudlenios

FT-NIR spectrometer (Matrix, Bruker, Germany)

Wavenumber | Wavelength | Wavelength Bond vibration Structure | Source (Fig.4.13
(cm™) (nm) assigned in and Fig. 4.14)
references
(7m)

8911 1122 = - = RC

8533 1172 1170 C-H str. Second overtone HC=CH RC

8301 1205 1211* C-H Third overtone CH, PC2, PC3
8201 1219 1215 C-H str. Second overtone CH, RC
7737 1292 = = = PC2
7552 1324 - - - PC3
7514 1331 - - - RC
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.Wavenumber Wavelength | Wavelength Bond vibration Structure | Source (Fig.4.13
(cm™) (nm) assigned in and Fig. 4.14)
references
(nm)
5292 1890 1892% C=0 Third overtone COOH PC2
5223 1915 1920 C=O0 str. Second overtone CONH PC1
5138 1946 1940 O-H str. + O-H def. H,0 RC
5115 1955 1950 C=0 str. Second overtone -CO,R PC2
5107 1958 1960 N-H asym. str. + amide II CONH, PC3
5015 1994 1990* N-H str. + N-H bending N-H PC3
amide
4760 2101 2110 N-H sym. str. + amide III CONH,, RC
CONHR
4891 2045 2050 N-H sym. str. + amide II Protein PC3
4695 2130 2132 N-H str. + C=0 str. Amino PC3
acid

PC is PLS factor. RC is regression coefficient. Remark: Wavelength assigned in references without * were from
Osborne et al., 1993 and with * were from Workman and Weyer, 2008. The — means no band éssignment indicated

in both references. The row in bold letters indicated the highest peak in the corresponding plot.
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unil 5
agilnansIdonazdemuanuy

namsnreiratazauwdesslumshmenduiuiszniemsgadunasiulSunagam
fuludmandau snmsasndaaninadudleanininsTineifeaniniodio ey FI-NIR spectrometer
(Matrix, Bruker, Germany) m?m MICRO NIR (JDSU, USA) LﬂéBQFQA NIR GUN (Fantec, Japan) WUN
nuurasslumsiinnedaniiudienies FI-NIR spectrometer (Matrix, Bruker, Germany) lagafidanens
Yo Tntact I¥Hadfiga Taefimssansalnasudiosduuny SNV (Standard vector normalization) 08helsAS
adunlszAnimsdadula (coefficient of determination; R®) 191 0.696, MsnRgeBIINURaaIAmAsEn
MA9ABUBINITNIUIY (root mean squared error of prediction; RMSEP) Tﬂﬂﬂ'liﬁi;‘ﬂﬁ’mﬂuﬂﬂ WY 16.1,
anuRanmamas (bias) WL 5.95 uas Sasdausenemdsuasguvesmid s eI E
semdnuiisauinaspuvesnuRanaAreayATIuY (Residual prediction deviation, RPD) Wi 1.95
a0 R senine 066081 Tunuudasslfldfumsinemlaossna lannsaianllumsiSonde
mstlsziugaunnid

INMITAATIZHAL Regression coefficient 14 X-loading weight wuhmsduaziouveuiussve

antlsznauuadlals@iu (N-H bond) uazesdilsznauuss luify (C=O0H bond) li@nTwadamaiuneilSua

o ~ Qs 1
gamliuludlod191lal Intact W10
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Evaluation of Histamine in Sardine Fish by Lomg Wave Near infrared Spectroscopy
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Abstract

Ohbjective of this msemch was to esaluate the histamine m sadine by meassing spectma of sadine samples using
MICRO NIR specirometer (1 150-2150 rm). The 149 fresh sadine fish (socfniell longoepes) Somm China were subjecied to The
epeiment i four differernt forms induding infact fish, fillet, minced meat, and minced mest through dass. The
absotbance speciia with or without diffesert mathermalic pretreatment were wsed 1o dewelop the precliclion meodel for
histarnime using Parflisl Least Scpore Regesssion (PLSL The best forme of fish thal geve beller model pedommance wee
minced mest and mirosd meat with dass. The best model waes developed after spectn prebeatrment of Senoolthing (5
prinitshs Desivetive: 5. Golay 2 nd 11 peint and They provided the same cosficent of detesmination (7], Stanced Enor of
Presciiction (SEP) and bias of 0470, 27209 ppm and 1094 ppom, reespecivedy with 7 PLS factos The K bebween 0.260.99
nciicated that the comslation bebween opfical data and the efesence valies of Hstamine wess not good. This might be
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becuse fah contaned a lot of walier and the walter abmorhance band covested the peak of the histarmine content which

wats wery low 1 ppem levell

Kemyewoncis: Helamine, Near frared Speciroscopy, Absorbance, Reflectance

1 wmih

ewermry e thrwrrifunsslesiuduliensiluon
wamsliwatnmdmeaitoeben snal#seaasonns
T tsmelnedindmando i Rurssdes § 2359
oun-fle)  Whrie 1690969 Fu Aadhages 115337
auurm anst) 7555 gl (W 2040999 du fadly
W 1.919.96 fmarm dararulitustionrw 156 iy
#wthagme 6646 Gnazm s nkrwiduglam
i nludparsrenanre i laade e mibasilv
tistarrire) Jaswuladlov dariony (Reteins) #du
nypasfliuiidumes nroaese sl alitudua e S
Bawihy (istarnine) #lpa Mm@ ol heor i
Tugunafg ululhilfusnfF ol uf 1o weulni
histicinexfecaboetase mmmmwﬂ&mmn
noshuBendhg adhusive i eaaged amin ssm
unmlu&mmmamuwnuaﬁw

i ewrden hideadnad e wsinieiulofthols
SuiludpainreTanni s el iummiwon (Caiteaton
model) s Tan S maftso N mefme nssiviigl
intaitdhansmgnbadleeiu winkenddileormai
Hrirviaselfion e 2-3 s Tunlesed wilviosdvuwnly
nrseyiei Ut e lieon dnudomwesouns
wroaEwegEritna Tarimionve S diafmaraihly ity
nlvweduideiBunroemninalnTlun e
rdhoen i alleea s G Liv ool

:Mwmmm-iftﬁumﬁmm

2 qm*ﬁru

21 wmm
MMMWM sl fopgceps 40

aﬁ.mﬂh AT e kot

bouduu Inizewss DHELA T v Snriaemma g

mﬂmnﬁmlmﬁuﬁhhhwn?m ’;iﬁmn 145 & wewigmnduaema Aa awasn 100 7 wsan

w1 Al mmﬁuﬁm ()
Mm'hmmuwnmmhnna‘mﬂmh
TR IsEnET T IR I IR mq; ol
na 1 sERunsRsuaIf e wilas Wulino wysne
scombeotosic ARt 1&@ pam eRHEel e
Bawrdhy Remarcin 50 $ Luimuphamigaartm st
ndTillalan KGse ot ol (2010 BaldfTBanan 31 ipves
Fedel fegeter (1995)

myim B hule Tt el foo unsvunend
@utpui e g woumelamedtinoann 8080
seartilurm winuosd smenlugeermnran s des da
wnnrasg nasdrAabsydsr ey uennn AOAC
official method 57713 unt ADAC officil method 55707
Hefamine in sefood Wl Flucrometrc method @730
il Fluorometer §afadEamardlinanann o Histamine
dichlonide, o-Phihaldisidetyde 0PT), Phosphonc ackd ans
lon-esachange resin dFY

wedleiloi Bl ussainbraln® Al lweed
s hszrauvnaediilsona 1 i hiFeeldaed! Dulles

38

- mumnmﬁuhmud'kuummlwm gl

s 200 Tanrmsseee vl feca
s 08 25 A3 Sty & vien Veofgnundlanadees
iR RN 510 min Yurdsamndld iy
orC A sozaedlansiin 49 #; exduennadite
Trrarwiu Aseamereinudong ox 7 # S 7 uden
wi i anasintIne 540 min s nid iboilasns
D Fusa®asadhs leovsuiil Tugamsihi: foodl
uAnRcAaeT ¥am fe 10, 20, 30, 40, 50,60 unt 70 h
v 7 # vodlesrsaiesaniudal innaumnd
Wiz 0°C feuipensrmeasdluierunis umol
thtari 25 St lunseumdbwisld vod
#1 0rfact fisk) Uosiwdaundeeen Flet) ansdlevos
{Mirced meat)
22 msunuedusstmuidiunsoniedeBumsxm
VerthiseanrlEs snimen i ewnartoune e i
verwmedas MICRD NI (DSU, USA) saarmmarniiu
1.150-2.150 ren wrsiusinlourswds ddnilifliaen



Thai Society of Agnioulbural Enginessring Jowrmal Vol 22 No. | @2014), 25-31

manadeund wlidasaue nadnes vosidusinu
MUFnRE 00 eeen A2 30 mm arrtalnsaninivstiand
ewsuiduilnleardnimimbzira 80 ¢ Ao
srrrsenantd) rered e ety (UL SaM N, | heand)
fhaien 1 min wshdmerfhl@dhuena sy
SR 50 mm @4 15 mm wntiuss RN
s lwibmin 1 - end -namieda ke munsi i
AT TTSEALMMIANT awa 1 Fm
23 pvhesesirnSaden iy

sirrtTen by il nancrsuna S Plaeseaietr Rt iy
I-!']U'm“'I-!L*N;IL@LF'IAIM‘#'-!I‘IJLM'.‘.-‘I-E'H.?! sz O
IRTETLEINN ADAL  officid _method 977, 3 uat AT
957 0F o] WA 2o

offtiadl e thod Fllamifein

efor [Quaanibesciy LEA)

Fluoren

Figare 1 Fish =ample presgptalion Wéor ANCRD . NR
sprxbivaiestien @) htat Tl L) Talcl, o) Marnel et

ard d) Minoed meat througfnglas:.

24 mrrle sy TR UL
AR IS e T AR VI TR Y TR LD T e

e dlulesitmnrimahg

X-X

D 3

e X % eridamilitinodaed! X Ao susifeen
omiil uree S #a sudl SRITTL ST H ey R M
aulnpiuilf i issaud uesndud 18T Pincipal

-

componen! analyss (PCA) 3 INUW LWL T a0 IUAINaT 1

¥. i)

39

wuuEoss TR nBinafterdhumenoreidy
.
iy Fumtvilerrrmaihe g dus 1 2% 72067 rm

dnrivdnaselodud, 1LIB1L2080 rvn dwwisan iy

. - :
dEon Wk 11200 ren e Uy oo nwunsde
v fsarus i TeaBma Chermometic wuy Patial
st scpares egresson Tanu simsndusons fa warin

]

12190 R AL e R @ L s R lend Ses s uviaun B2
. -

v snnslnRTulE el aeainlndlire e Wee

Dl T Sinecrarnitldes 98 ({Camo, Mo W lmulnrernT
- o x -
el Tl e T8, Srmoott rg S Colay, Nomrmalimbon

Mol Kudarum, RareeBasire offs=f, Rardard nomal

Sariate T trorcing, SMN De freeeding, Ml bpslicaiee

catary  poneclion (NG R ceraalie 5 ane 11

FIT Y L ST L it e unzes

2 5 and 11 poaiis)

b s LR e w e v riclipaenei Coeficient of
. ¥ . - -

cleTasrir o (7 H‘Igm‘;'_n vl rgror o predcion

(5 V) e e AR Wlan

b T T

s eisankemesiaandiug aniwedn fiie
ielashomiu_ 2942 0,300 gz 5500 om ' (0537, 2323
ey TR0 rvm (Figuee 3)

O =sisa T
P e 12500 e 55T el
e Tal\. -
X
X3
:
7 |
1.3 - | 5
1 v
\ = >
1350021500 L8007 B30 M0 S0 K0 550 450 3NA
VWl o W D WY

Frewre 2 fveraxe spectium of pure helzmine.

snnanvinaulneiuosy Relectance vauntpe
il s o TLad susts e s amasd 1 #en s urifu
wuteutadeuemalfiu 1432, 1,005 wne 1862 ren
Ay (Figwe 3) SdedinTilure 1350-1,500 nm oz
1LB00-2050 nen Shatemmann



Trsermenrenenynansswia o 08 20 anal 1 osT, 2631

as
B iy Ve cerd Teat |
as e £s wihgan |
\ .,1_\\.
ad | ‘\'
'I o s 0l \
» - »
i as \ '._," B . '\\ e
E L sy, y: S 1E53 N
; a2 L \ y 4 1810 g ‘/
| A ¢ LE e
at |} - 13
* A
o B
1 VM CLA Y n 1 L ) ANL 1
1428 1000 1400 1MD tedE 170 ) 1V AL SN Waweb g (remd
IR T (v
Wasbangth ireel

Faue 3 Avesage spectum of infact fish,

huiasivudenien wriRnreanfuedy Lisiuted
wruerrwdu 1417, 1698 apg LBAD nm wuai WA Eglne &

tuierinadamins visen s ool
wisa rnfh LA1T, 4050 wos 1LASS i w nai s (R 5
Eaiedl 1,69 o dhaftemsdieon ity wnslusseiadadeann
Hawnusinauiomwin fravmanluadueasiviadied
wrunediy 1400 1 A5 LRTA GRS 131 ree A A

iFe e 6) $oipdind Hlumic 1350 1500 nm wns 1900 2050

rm S ETBI

Fipure & Socnoge apodirum o mimced meal with gasa.

w1 Table 1 udaen asifsori B nkoeiite

Tomsoriyellad 2 ritias s Calibetion et wis Poecdiction set sl
ot CepattaBariadanihit inlng Fuoometer fviian

AP ISR W P UTEAIMS W
L. S G S
Tade 2 FaUSTHIALE e PLS. @wiuntiie

MM‘M1“NM1Q1 Trsumrainns wm
W 7T Poesfiction s Colibetion vl il
‘i';gm il slp e wozFIming. .ﬂa\ln oAt awme e

Mnmmmuwiumm WA TN
Txi%.pm\lnru oz mawdleernaldolan

\ G
i i D W
L] =¥

¥

s Pty b

faad

vy

1 (we o MEpe N 1y 1eE AR, Ow
-!e'!‘ arly L N

k 4“7

W&mnnnmﬁnhﬁ‘ﬂt‘mau‘mmlmm
dy_ef\"Gmm:mllrmw1:111-1-'...1111«Mwm"u-:!m SN T
O deeromve iuie va ias e ié s Figoe 5 90
Willzre a'\p'nm 07w O 0,00 e ine ME
il sy e sl
Foovsesana e huo R TR N Rt
T P 3 Tudifaraowduis mireuiaililufie

Fure & Avenge spectum of flled.

e ey 4450 ang 1990 nm Tunsdldeeine
fudaio Figm BRwowsr anodstion mandunfuarnn

s wine

faigyanasvsuniues miud won Tuinisaw 03
urchumrdvsdetonruon Joo e faunus s (Figue
5 and 6 SmsussswmlineTmunmanfussnsa e
{ﬁniuﬁ"qu) unfln ugmﬂw:ﬂu“al arniludeenii
© nnrmrER ks bt ruesalterer dhducdenic
it i Tunsrreiakaltaedmind iusnoe
anbealnfaaficme

4 aypl
ST TR TSI M N 1 R R T TSI T T

snmun e Luaarsanks i durinnmTviae o

o



Thasi Society of Agrculbural Enginessning Jowmal Vol 20 Noo | (20149), 26-31

MICRO) NIR Spechometer (06U, USA) $2amun1aedy

1,150-2,150 rim ARy wulen-dhiailegn

Tabie 1 Siatistic of histarnine confent (peen) in samdine of aibation sef and predction sel

Sarmpile

Calitwration et

Precfiction sed

ax Min 5D

nlbact
Filled

Minoed rmesat

Minced rmeat

waith e

Mean Flan
23364 1RE.1
23.101 188,150
27454 IRR 150

2308¢ 185 150

8.190 1.250 3ITIT6

970 1.250 27049

54.970 1.230 37389

3.010 1.250 36T

Ramarks N= Nurnber of scannesd specin, Mean = Svesrms, WMot Masorurn, Min= Mmimam, SD= Stanciand deviation,

Tabie 2 Re=udl of PLS mockding for helarmires, nssciine.

Sarmple
(ebereth

Paree, rumj

Pre beaitsenil

T adibrasliowes oot

ot

1255 - 2060

e trevwing

R geociman

IV 4 Teeenfin g

Fresciiction et
A " S o B
QALT Z7 43R5 827231
oy 0065 T 632
0P335 30.T2T Q58T

L 1 \ports

Nortmlise Rager

SM (1 poete

Ol e Slayiliag

Pt 5 gt

=13 [ 30289 409

Prcescd rmed

11592063

S h
(n‘k' - K K £

Mzl Tlao by

el 11 poirt

a0

(e 27209 10594

M8, oot

Morrralize M

{540

MNirwesd mmeat
with ~:Lr =

1158 7063

Deavlinee S00kay

Zned 11 point

n.489

5M 5 poarit

0608

O=76 2516 0682
g0 7209 1L.ood
0136 33.9549 3433

Rernarkc 5M=- Smmoathing, PC= PLS factor, SNV = Standed normal verssbe, R,- Coedfficierit of detesmination, SEC- Standmd

emor of Calibraflion, SEP= Standand emor of prediiction, Bias- avemsee enor

WU B T nr o AN T Tu e M e ﬁq« Isnuvuiaedfmennrswarusandnm Tus a3 e

pandhludmknsuesludsioeflaunusi et ldsol  Smoothing 5 pontsiDeatae S Golay 2nd 11 ponts

30

41



Triersasresrrnanssuin i owilve 9 20l 1 (2557, 2631

Tapdleis K, EP art B #8 0.470,27.209 uny 1.004
ey leafl PLS factor 060U 7 aaseTimrndim g
i mgoe s i b Pare sy rudle s naiuvnsi
T gwDuonzesiuszreun e ueaknshiann Hdan
irrwnisesbardulah Mnwamrnlumdy peem

5 HefnrRnssnm
moue tienemmmvasaanEn nendanai iy vsdnd

6 whavsiada
s s duaal ,
|

WK s

R
HEAELY |

LT L T LI IO
RO

ting the o q;af\a

<Ay nant

. N Y o 1y Y] B Q & ! Y o ] ¢y 1Y
wnasiiluenansianulidmsunsldnuienisanyivingy ldeygreliiluldusslevdaunissn

lidnsdilagiadu dnvivnuiilvidaulasilent wagdasdnadadadvesenasynasaninisualuly

31

s Ty —&ééﬁ-é‘a'—‘a—‘l:——@



Y a
lanaseINey

AsURANING (2012) adanmsiudn-deoen
http://internet1.customs.go.th/ext/Statistic/StatisticResult2550.jsp?page=1&statType=export&month=12&year=
2011&productCodeCheck=Y &productCode=16041311000&countryCheck=null&country= L“fl}’lﬁ\ufiﬂ 27
FINIAN 2555

AOAC international. (2005). A0AC Official Method 977.13 and AOAC Official Method 957.07 Histamine in
Seafood.

Beknas N., Jensen K. N., Andersen C. M., Martens H. (2002) Freshness Assessment of Thawed and Chilled Cod
Fillets Packed in Modified Atmosphere Using Near-infrared Spectroscopy LWT — Food Science and
Technology, 35(7), 628-634 '

El Barbri N., Amari A., Vinaixa M., Bouchikhi B., Correig X., Llobet E. (2007) Building of a metal oxide gas
sensor-based electronic nose to assess the freshness of sardines under cold storage Sensors and Actuators B:
Chemical, 128(1), 235-244

Federal Register, (1995). Decomposition and histamine--raw, frozen tuna and mahi-mahi; canned tuna; and related
Species; 60 (149) 39754-30956, CPG 7108.24

Food Wiki (2012) Scombrotoxin http://www.foodnetworksolution.com/vocab/word/2039 L‘fhﬁdlﬁﬂ 27 davi1au
2555

Guizani N., Al-Busaidy M. A., Al-Belushi I. M., Mothershaw A., Rahman M. S. (2005) The effect of storage
temperature on histamine production and the freshness of yellowfin tuna (Thunnus albacares) Food Reseach
International, 38(2), 215-222.

Kose S., Kaklikkaya N., Koral S., Tufan B.,. Buruk K. C, Aydin F. (2011) Commercial test kits and the
determination of histamine in traditional (ethnic) fish products-evaluation against an EU accepted HPLC method
Food Chemistry, 125(4), 1490-1497.

Xiccato G.,Trocino A.,Tulli F.,Tibaldi E., (2004) Prediction of chemicalcomposition and originidentification of
european sea bass (Dicentrarchuslabrax L.) by near infrared reflectance spectroscopy (NIRS), Journal of Food
Chemistry, 86(7), 275-281.

Shenk, J.s., Workman. Jr., J.J., Westerhaus, M.O.. (1986) Handbook of Near-Infared Analysis Edition, Revised

and Epanded, 431 pages.

43



Williams, P. (2010) Near-infrared Technology—Getting the best out of light Edition 5.0. A short course in the
practical implementation of near-infrared spectroscopy for the user. PDK Grain, Nanaimo, Canada.

Osborne, B., Fearn, T. and Hindle, P.H. (1993) Practical NIR Spectroscopy with Applications in Food and
Beverage Analysis. Longman Scientific and Technical, Harlow, UK.

Workman, J., Jr. and Weyer, L., Practical Guide to Interpretive Near-Infrared Spectroscopy. CRC Press, Taylor &

Francis group, New York, USA (2008).

44



NNARUIN
U Y1 o a a w
agﬂm‘l‘nmﬂmimmmmTﬂNmsmﬂ

45



sHalnsama/sradeyy1 2557A11802247

HUUT18971UNN519919RUTATINTTIFY
anriumalulagnwszaaandningammisaianssus
enueuinwih a2 5eu_12
12( wnassuUssnaeuRy  (wuudn®) L undaiusels '
Folasenis (nwilne) mnswidaniusazanuaarelaneniusamadadessunsusaaninsalnd
(n1e1deng) Evaluation of Histamine in sardine fish and its freshness by near infrared spectroscopy
technique .
Fo-anaviavihlasannsifedFunw/ sy (e/as/me/ae/m) Unaida ASeuysel

Q
A

' & 1ar o = o o & )
‘J']EJ\?']UI”‘U'NWGLLW'JUW 1 1P0U LY W.A..2557 O9IUN 300U AUl W.A2557 .

2
< 4 1

segsIaIAiunis L U - 100U AdLATUN_L LBaY sa1au WA2556 . B9iud 30weau Susney w.a2557

1 3 7] g
dayansrenualditesussanmulasnisie

1. Nst0ndneeudszana (nsain1sanetuaianeanedlvavdenilifeadasaan)

w9t 1.129,500.0m 17,76 % Suiilésueus@liiOndnedu (W/e/m) 11 fuxea. 2556

R 4,129,500 0 17,76 % TulldSueydAlidndnedu (U/n/a) 22 wowmen 2557

46



J 3 o z . ﬂ. - - ar ° 4 i
2. aplsusznudliseilfiuauitnineidsidagiu @Guunaamneldg

nunA e m;h:mm-nu Alddne (um) ni:mia
nalasans (v3afiu
quyAans Mearem 116,800 116,800 0.00
usntiuau
AMBULNY - - -
fltans 63,000 63,000 0.00
Fiian 79,200 79,200 0.00
FangsagUlan - - .
uamu: AAgI 470,000 470,000 0.00
3 729,000 729,000 0.00
agszninmIAiunsiadsiihuendrsmIimstu
2. R~ .
(5. 93, thuuia A3auysed)
aanuimhlasamsifegiunu
30./. fMueneu. /. 2557
(e 1) )
awnd i insauA i idieates
........... looiid oo

wineg ; UnITenseLin SR LdnReURIME s s U At G Tor A v aILae
aonndoafiunsAing Bafiviy WnidbesEuinnasmlBumiradsiuenafiinsiiu vieder iy
DU

47



v )

Toyailsz IAnaze vy
Y £
FIntnlasams

1. ¥ (Mwilve) v Ywuils Asauysal
(n¥18angw) Ms. Panmanas Sirisomboon

sWaUsedidinideuniend 38-50-0171

e UnsUsEINdIUsEYYL 4-1009-00107-43-1

mudataglu seeAnans1ansd

mhpnuiiegiifase ldwdomveslnsdwiuasInsas

VANGATIAINTIUNEAT muirAmnsaneiedna AnLAMmNTIImans
antumalulaBwszasuindidanmmsainnszds

NUNNA 10520

Tnsfwyl 02-329800 #ia 5120, 5008

Insans 02-33298336

6. UsgiRn13fne
U3y as (W.A.2519 - W.A.2523) .U, (3AINTSUNENT) UNTINEIFEINURIAENS
Uyeunlv (W.A.2525 - W.A. 2527) M.Eng. (Farm machinery and management)
Asian Institute of Technology (Thailand)

UInusyen (w.A.2540 - W.A.2544) Ph.D. (Agric. Science) United Graduate School of
Kagoshima University (Saga University), Japan.

6. avivdifianudngiduiiene (UANANAINANITANYY) SEYAIIIVINIG
AuUANIINIEANLAZIAINTIUVDITANINUATUATA IS
sutAmadeduiauasianinuauazais
NSASIVFRUAMATNYBITHAINEATIAZaMITInelY Near Infrared Spectroscopy
walulagnisuudiedan

A R A

efanisequainlunisusyivintg uminerdeinuaseanans nenuntiunauay ased
6 U321l 2552 (The 6th Conference of Kasetsart University Kamphaeng Saen
Campus)

ANUTIAINTINAENS

JZAUALAY

Ununtla ASauysal uae W3 adreud

304 : auiRBemenimassdilnanany

(Physical Properties of Sweet Corn)

48



2
Y

7. Uszaunsaififisadestiumsuimsimidennielunasnnesuenussine
Tawszyanunmlunisyinisidedndudsinenisunuanuidy Fmihless n1sidevserdsniae
Tuwsasderauemside Judu
7.1 §8MEMSUHUNTINY Founuaise -

7.2 Favtilasennsive : Telasemadde

1.
2.
3.

10.

11.

12.

13.

Vv

Tasinns wdaafeauaniamies (nAdenssymainemansuarianden)

Tasms wdesdnuenduvdasiingn (uideRuselfraeiemnssumans #ea.)

Thsens msAnwandinisnienmuazidanssussuzsihaiuginenlidaduiugits
msdsan (MAdBaulTsnuuRuAulag i sunlasenslaeanadey 496,280 Um)
Tassmsiadesiingfiduduuuuiisemeiianududinitusseinid  (useldnne
Aenssumans @9a. 147,000 um U 2549)
Tassmsniseanuuuaziaeawaasuduimdn (Jusieldnasdmnssumans
#3a. 152,500 um U 2550)
Trssnsmseanuuunasiaialesitleanalneldszuumsanmbudeduiinany
augeysuna (Rusglanugdmnssumans @aa. 67,060 um U 2551)
nsUsziiududguamnisluuasnisuanvasdulaianisdesaniisseziaanivine
A1e o nudqeddliianeleeldmatiadeBursusaaiualaglal  (uideumdudia
an. envnvegeansuasmalulad 200,000 uim U2551)
Tasensiatesiudadousninaadasanudugyyinaienisnaifuusning
U3gns (useldnnsimnssumand ava. 100,000 v T 2552)
Tassnrsnisiasgidvimandessuiauazauniiavedienty  dwmdy
weeufuinslulssudiedshiitarelagldinatiatlosdunsusnaualasalal (an.
HegnaEnTsu TulAssnMFHTevrumEnEewemisn U 2552 132,000 Uw)
IﬂianﬁLﬂ%aw‘huﬁeuﬁ'au:w%’ngﬂé’iwmquﬁ'ugzuuqumﬂi'wﬁuﬂi‘ﬁuﬁuw:imﬂLﬁams
wAnTuNENdIUSaVS (Funeldrugimnssumans @ea. 59,000 Un T 2553)
Tassmansinseivsuandesukludensanuaztitenstulaensiaiiduenomm
Ingasesiaedghiinatglagldinaliailesdursnisamualasalal (nuidsaulssunm
wiufu Usgdnd 2553-25541nefiansanlasanisiaeanides 551,200 umuas @ne.
192,800uw)
Tassnsnastieszivianalalafuluidoundudremadailsivivanefreiides
ursnsasunlasalal (Vuldesuuszanausiuiu Usednd 2554lagRnnsanlasinising
an13v8 242,500U7)
Tassnisnsimuawaiauiasgrunisiadaduiatisaeieldlugaamnssundn
Faasuasdionlsgy (Quaeldrasdanssuaans aan. 72,000 um U 2555)

49



14. TasansnnsasavdaununmvasduTowuguranie Taedsuuvlsisinans drewaia
Near Infrared Spectroscopy (Rusnalanuzirnssueans aaa. 72,000 uw U 2555)

15. TnsensiaTeensimnziudennanasiuBonudnayd  (Gusolfausdmnssumans aoa,
72,000 um U 2555)

16. Tasan1sn1sdiasigsiasunuyazludaisnuadansearsniunludrindeseandae
waidladesdunsniaalalasalal (uiTeaudssanausuiu Ysedil 2555laeRansun
lasanslaeanidy 1,207,000U7)

17. Tasen1sn1sdnuniuidiivenusdianiuduasuuulasislivitatedqemaiianig
Uszurananw (Juselannedenssumans @9a. 80,000 v U 2556)

18. Tassmsnswaunmadamsiauimanifuuazaniideanudourastaunalngisl
vianedamfeBunsnsaanlasalal: nsdidnun eludaaydn (Uszdd 2556
lassmsyAseumUndin and. avineimansuasmalulad 270,00001%)

19. Tassnsnsinnsivinaindaresvargiaulugaamnssuninuaiviffunseiasioe
wadadesBursusaaninsalny Wsedl 2556 yuimuninide newuide aadu
walulagnszasuindidnamnmsainnszds 924,000 U1m)

20. Tnssniswaflanvuldviiaiedmiunisinatiunia Ysuauainuludis wazdiuou
Twunadeulansenledludisnwisdulasdessurssaaunlnsalndlasnisu
W39, seaudTyyIv Uszdnd 2556 300,000 UTW)

21. Tassmsmsliesgidanduuazanusavasuargrsfuiiemaiiafiesdunsusaaunln
selnU(uAdeesuUssanmsuRy Usednd 25571ngfRasanlasanislaganiide 729,000
um)

73 ATeivaS i iiReadestuiliesdunsusaaninsalnd ;

1. Tnasm 933 1n3asAnuendandasiingn Gihmthilasens)

Panmanas Sirisomboon, Yuki Hashimoto and Munehiro Tanaka, 2008. Study on Non-destructive
Evaluation Methods for Defect Pods for Green Soybean Processing by Near-Infrared
Spectroscopy. Annual Meeting on the Japanese Society of Agricultural Machinery, 27 - 30 March
2008. Miyazaki Kanko Hotel 1-1-1 Matsuyama, Miyazaki-city, Miyazaki-prefecture, Japan.

Panmanas Sirisomboon, Yuki Hashimoto, Munehiro Tanaka. Study on non-destructive evaluation
methods for defect pods for green soybean processing by near-infrared spectroscopy
Journal of Food Engineering, 93 (4), 502-512 (2009)

2. 1asen13338 Study on the relationship between texture and pectin constituents of Japanese

pear ({3571338)
Panmanas Sirisomboon, Munehiro Tanaka, Takayoshi Akinaga and Takayuki Kojima 2001. Evaluation

50



of the texture properties of Japanese pear, Journal of Texture Studies 31. 665-677. (be cited by
Thompson AK.: Fruit ripening conditions. In Fruit and vegetables-harvesting, handling and
storage. 2™ editions. Blackwell Publishing. UK p. 88 (2003))

Panmanas _Sirisomboon, Munehiro Tanaka, Shuji Akinaga and Takayuki Kojima 2001. Relationship
between the texture and pectin constituents of Japanese pear, Journal of Texture Studies 31.
679-690.

Panmanas Sirisomboon, Munehiro Tanaka, Shuji Fujita,Takayoshi Akinaga and Takayuki Kojima 2001.
A simplified method for the determination of total oxalate soluble pectin content of Japanese
pear. Journal of food Composition and Analysis. 14, 14: 83-91.

Takayuki Kojima, Shuji Fujita, Munehiro Tanaka, Panmanas- Sirisomboon 2004 Chapter 11, Plant
Compounds and Fruit Texture: the Case of Pear. In Texture in Food, Volume 2: Solid Foods,
David Kilcast Editor. Woodhead publishing limited. Cambridge, England. 1™ edition p 259-294.

Panmanas Sirisomboon, Munehiro Tanaka, Shuji Fujita, Takayuki Kojima 2007. Evaluation of pectin
constituents of Japanese pear by near infrared spectroscopy, J. Food Engineering 78(2): 701-707.

3. lasims sy

Panmanas Sirisomboon, Prakob Kitchaiya, Teerapong Pholpho and Wiroj Mahuttanyavanitch:
Physical and mechanical properties of Jatropha curcas L. fruits, nuts and kernels, Biosystems
Engineering, 2007, 97:201-207.

P. Sirisomboon, P. Kitchaiya, Physical properties of Jatropha.curcas L. kernels after heat treatments.
Biosystems Engineering, 2009, 102 (2), 244-250.

Panmanas Sirisomboon, Jetsada Posom, Thermal properties of Jatropha curcas L. kernels.
Biosystems Engineering, 113(4), 402-409.

Jetsada Posom and Panmanas Sirisomboon. Development of the technique for measuring of oil

content and thermal properties of biomass by non-destructive method using near infrared
spectroscopy: case study of Jatropha cur as kernels. RRI-MAG Congress |, the Twin Tower,
Bangkok, Thailand Thailand during April 3-5, 2014 (in Thai).

4. Tasamsasavasugunméiulelaelivinany

Uutla Aauysal, agawed Weasediy, $3ins mneiggy, 351 Mt 2551 s iladulowus
ymbisiogmsfuifesineg. nenumsuszmdnnsuasauenanuide uvinendevinSaunde
#i 18 Uszdl 2551, mydetunsuntguingivd 2526 fueieu 2551 Tsausuniuian wiae
Sunailioy Jarinasvan win 27 (6 win)

LY

i uaz Y3ims mneigqu. 2552, msAnwauiinmenwkazlinavewmadulenugum
g : J U J d - Iyl d - o

ThsgressssnmMAUihveneg. Beafumsusegumadnnserisd 47 aninenduineasenans
“nupstiilne : emnTuaswAIUMAUUauRaRE gy’ Wil 7 swaninensiumaniuaz

51



AnTsumans 17-20 Juran 2552 UNINIEUINYATANERT IMYUVAUINIYU NTUTNNIUAT

Panmanas Sirisomboon, lJittra Duangchang. 2009. Prediction and analysis of peel essential oil of
pomelo by NIR spectroscopy. 10™ International Conference of Thailand Society of Agricultural
Engineering on “Innovations of Agricultural, Food and Renewable Energy Productions for
Mankind” 1-3 April 2009 , Suranaree Univeristy of Technology, THAILAND.

Panmanas Sirisomboon, Warunee Thanapase, Ravipat Lapcharoensuk 2009. Identification of Different
Storage Duration of Pomelo (Kao Num Peung Variety) by Near Infrared Spectroscopy using
SIMCA. 10" International Conference of Thailand Society of Agricultural Engineering on
“Innovations of Agricultural, Food and Renewable Energy Productions for Mankind” 1-3 April
2009 , Suranaree Univeristy of Technology, THAILAND.

Panmanas Sirisomboon, Charoonpong Theamprateep 2009. Maturity Classification of Kao Nampueng
Pomelo Fruit using Visible Range Spectrum. 10" International Conference of Thailand Society of
Agricultural Engineering on “Innovations of Agricultural, Food and Renewable Energy
Productions for Mankind” 1-3 April 2009 , Suranaree Univeristy of Technology, THAILAND.

Panmanas Sirisomboon, Warunee Thanapase, Ravipat Lapcharoensuk. Identification of Different
Storage Duration of Pomelo (Kao Num Peung Variety) by Near Infrared Spectroscopy using PLS-
DA. The 3™ Asian Near Infrared Symposium (ANS2012) Amari Watergate Hotel, Bangkok, Thailand;
14-18 May 2012.

P. Sirisomboon and C. Theamprateep, Physicochemical and Textural Properties of Pomelo (Citrus
maxima Merr. cv. Kao Num Peung) at Preharvest, Postharvest and During the Commercial
Harvest Period. The Philippine Agricultural Scientist, 95 (1), 43-52 (2012).

P. Sirisomboon, R. Lapchareonsuk, Evaluation of the physicochemical and texture properties of
pomelo fruit following storage. Fruits, 67 (6), 399-414 (2012).

Panmanas Sirisomboon, Warunee Thanapase, Ravipat Lapcharoensuk. Identification of Different
Storage Duration of Pomelo (Kao Num Peung Variety) by Near Infrared Spectroscopy using PLS-
DA. The 3rd Asian Near Infrared Symposium (ANS2012) Amari Watergate Hotel, Bangkok, Thailand;
14-18 May 2012.

5. 1n59N15819W191
il ASauysal wasIius wnathuns 2552, audRidnramiinveshestuiiogmafuin
p99. MSUsEYARINT WnAnendeinunsaians envaiiunauay afeil 6, 8-9 funau 2552,
UNTIMPIRNUATAANT IV nninlay unasugy

52



Unuutie @auysel, uae ofnad uiiiunes, 2553. Nammmqmstﬁu%'ﬂmﬁﬁmaﬁuﬁiaﬁmmﬁama
Wi, §189unsUsTgMAnMsEnAdANIsnweswiUsEmAlne pdafl 11, 6-7 wqunay
2553, ufnnssumidimnssunuasiowsugianeifivsuasyumuduuds.  aninendoinunsians
Inguariunaay uasUgu. vt 382-385.

Panmanas SIRISOMBOON and Apidul KEAWKUPTONG. Evaluation of dry rubber content of
concentrated latex by Near-infrared Spectroscopy, The 12th Annual Conference of Thai
Society of Agricultural Engineering “International Conference on Agricultural Engineering”
(Novelty, Clean and Sustainable) Chon-Chan Pattaya Resort, Chonburi, Thailand; 31 March-1
April 2011, p 49-1 -49-5.

Uuifa ASauysel, $3Wus smthunsiuey ofinad wiafiunes, 2554. .M1slaseidianumilauag
USunautlonauiemesiensannasihonsdudwiuviowuanislulsanumeamaiiadesdunsise
awalansalal 3dve19w15 1aud 6, 297-308.

Panmanas Sirisomboon, Rawiphan Chowbankrang, Phil Williams, Evaluation of apparent viscosity
of Para rubber latex by diffuse reflection near infrared spectroscopy. Applied Spectroscopy,
66(5), 595-599 (2012).

Tetsuya Inagaki, Panmanas Sirisomboon, Chang Liu, Warunee Thanapase, and Satoru
Tsuchikawa, High accuracy in-line prediction and feasibility of on-site nondestructive
estimation of Para rubber quality by spectroscopic methods. Journal of Wood Science, 59(2),
119-126, 2013.

P. Sirisomboon, A. Kaewkuptong and P. Williams, Feasibility study on the evaluation of the dry
rubber content of field and concentrated latex of Para rubber by diffuse reflectance near

infrared spectroscopy. J. Near Infrared Spectrosc. 21, 81-88 (2013).

Aphichart Sompiw and Panmanas Sirisomboon. Nondestructive evaluation technique for
viscosity, alkalinity and potassium hydroxide number in concentrated para rubber latex by
near infrared spectroscopy. RR-MAG Congress |, the Twin Tower, Bangkok, Thailand during
April 3-5, 2014 (in Thai). |

Aphichart Sompiw and Panmanas Sirisomboon. Evaluation of Para rubber latex viscosity using
shortwave near infrared spectroscopy. The 7th TSAE International conference, Krungsri River
Hotel, Ayudhya, Thailand during April 2-4, 2014.

6. 1A59N15917

Areerat Imsil, Ronnarit Rittiron, Panmanas Sirisomboon and Varipat Areekul, Classification of
Hom Mali rice with different degrees of milling based on physicochemical measurements by

53



principal component analysis. Kasetsart Journal: Natural Science, 45(5), 863-873 (2011)

Somchai Kladsuk, Panmanas Sirisomboon, Selection of cooking method for cooked rice texture

determination and sensory panel training in research work. International Conference on
Engineering, Applied Sciences, and Technology (ICEAST — 2012) November 21 — 24, 2012,
SwissOtel Le Concorde, Bangkok, Thailand (Paper ID 00136)

Nuttagorn Sonsanguan, Panmanas Sirisomboon, Jiraporn Sripinyowanich Jongyingcharoen,

Selection of objective test for cooked rice texture determination in research and industrial
work. International Conference on Engineering, Applied Sciences, and Technology
(ICEAST -~ 2012) November 21 = 24, 2012, SwissOtel Le Concorde, Bangkok, Thailand (Paper
ID 00137)

. Dachoupakan Sirisomboon, R. Putthang, P. Sirisomboon, Application of near infrared
spectroscopy to detect aflatoxigenic fungal contamination in rice. Food Control, 33(1), 207-
214, 2013.

Ravipat Lapcharoensuk and Panmanas Sirisomboon. Some physical properties of rice in rice
improvement plant. The 7th TSAE International conference, Krungsri River Hotel, Ayudhya,
Thailand during April 2-4, 2014,

Kannapot Kaewsorn and Panmanas Sirisomboon. Feasibility study for evaluation of gamma-

aminobutyric acid (GABA) content of germinated brown rice by visible and near infrared
spectroscopy. The T7th TSAE International conference, Krungsri River Hotel, Ayudhya,
Thailand during April 2-4, 2014,

K. Kaewsorn and Panmanas Sirisomboon, Determination of the gamma-aminobutyric acid

content of germinated brown rice by near infrared spectroscopy, J. Near Infrared Spectrosc.
22(1), 45-54 (2014).

7. Tnssmsusidowe
Panmanas Sirisomboon, Munehiro Tanaka and Takayuki Kojima, 2008. Intensive Evaluation of

Tomato ‘Momotaro’ Textural Properties. Annual Meeting on the Japanese Society of Agricultural
Machinery, 27 - 30 March 2008. Miyazaki Kanko Hotel 1-1-1 Matsuyama, Miyazaki-city, Miyazaki-
prefecture, Japan

Panmanas Sirisomboon, Munehito Tanaka, Takayuki Kojima, Evaluation of tomato textural

mechanical properties. Journal of Food Engineering, 111(4), 618-624, 2012.

Panmanas Sirisomboon, Munehiro Tanaka, Takayuki Kojima, Phil Williams, Nondestructive

54



Estimation of Maturity and Textural Properties on Tomato ‘Momotaro’ by Near Infrared
Spectroscopy. Journal of Food Engineering, 112(3), 218-226, 2012.

8. Niseu

Phalanon Onsawai and Panmanas Sirisomboon. Color and soluble solids content of Durian pulp at
different maturity stages. The 7th TSAE International conference, Krungsri River Hotel,
Ayudhya, Thailand during April 2-4, 2014.

9. nleduduznds

Wantanee Phoonphatthanachai and Panmanas Sirisomboon. Feasibility study for the evaluation of
moisture content in tapioca starch cake by near Infrared spectroscopy. The 3rd International
Conference on Engineering, Applied Sciences, and Technology (ICEAST 2013), The Sukosol,
Bangkok, Thailand during August 21-24, 2013.

10. tunsdnFogy

Natcha Thitibunjan and Panmanas Sirisomboon. Feasibility study on evaluation of salt content of
Massaman curry soup using near infrared spectroscopy. The 7th TSAE International conference,
Krungsri River Hotel, Ayudhya, Thailand during April 2-4, 2014.

Jutharat Nawayon and Panmanas Sirisomboon. Feasibility study on evaluation of total solids of
Massaman curry soup using near infrared spectroscopy. The 7th TSAE International conference,
Krungsri River Hotel, Ayudhya, Thailand during April 2-4, 2014.

11, duq

Panmanas Sirisomboon, Suppakit Howvimanporn 2009. Determination of soluble solids of honey
by near infrared spectroscopy. 10" International Conference of Thailand Society of Agricultural
Engineering on “Innovations of Agricultural, Food and Renewable Energy Productions for
Mankind” 1-3 April 2009 , Suranaree Univeristy of Technology, THAILAND.

P. Sirisomboon, W. Thanapase, S. Kasemsumran and S. Howvimanporn 2009. Identification of honey
authenticity by NIRS. The 14™ International Conference on Near Infrared Spectroscopy. NIR 2009
Breaking the Dawn. 7-16 Novemebr 2009, Amari Watergate Hotel, Bangkok, Thailand.

Panmanas SIRISOMBOON, Sarid CHURCHART. Prediction of soluble solids content in cut
watermelons using near infrared Spectroscopy, The 12th Annual Conference of Thai Society of
Agricultural Engineering “International Conference on Agricultural Engineering” (Novelty, Clean
and Sustainable) Chon-Chan Pattaya Resort, Chonburi, Thaitand; 31 March-1 April 2011,p 48-1-48-5.

55



[ 3

7.4 Afefiddwh : Fedeiauensddey uvdwu uaganunwlunisvivifedldinisideqanuainssnnn

Spuazivinia

SyuzIan Augalwd

o v awv N
Potoiauan1sidy . y .
o | @ (Souaz) G,

wadlauuuldvhanedmsunisin
Aunile Ysuamanuiduaig
uasdnulnunadeulensenled
Tudrenanisadulaeiies
dunsusmauninsalnl 2556 1 95
MIlATIBRUSuNMINGeveIUan
yifulugaamnssundauan

wifunszlosemaiindles

dunsusnanlnsalnd 2556 2 95
myaszisanilulaganuen
vasUanesnudiemaiaiiies

dursusaaiunlnsalnd 2557 1 95

MU WL, (an.) seAutTygin
Ussdnl 2556

yuRRINIdenemuide
anUuwaluladwszaomnani
AT

suUszUIuUsEINU2557 (22)

AN I N R e,
G‘i'nmﬁmﬁﬁlgﬁ'u ;ﬁwmamﬁmsﬁ S¥QU 8

szifnsdnsn
A ’ =3 s A a 4:1
padaiTan 8120 FONUUNIL Ty
M., ﬁ'@umwﬁmﬁmsﬁqmmﬂmsmnwm YAPININALNBATARGS | 2533
.4, ﬁ@ummﬁmﬁmsﬁqﬂm%nﬁmnws RN RN HATENTAS 2539
Doctor of Philosophy Food Science University Florida, USA 2542

o o A o = ) ~—
sy ispnflanutmngfiiee wand199ndnising).

Thermal processing of Food

Design, implementation and testing of computer program in the area of Food Engineering

Qs =3 -4 A 1 Qs
T197a0wITNS/A IR IVNRET9EITA (Andatls uTadn 9) Nlasy

A v v d0 w
9 w.e. Fa51978 FONTUN1R
a a €a _ w a & a 5 a
2540 mdiemadilszfugfadunisinmenaas | naznnsinenmaaiinaluladusy
d Qs ’ Al 2 1 Qs Qs
uazmaluladanuaTaIanINANEATLRE suedumiuyafisuannganm
RIL1Q8aN

56



P

vgumiﬁnm u,azv;%“aiﬂmﬂ glasy

P! =S a s ar .:Jll [

T w.e. NUMIANIUAZNUITY aonUun A
2550 NMIWAIMINTZUIRMTHAAIWINUNILAS guﬁﬁuqﬁmnﬁmm:

ussfgns:ﬂmLLa:LWT’Eqmmwga malulad T wuiema

(BIOTEC) f%ndnuwaun
a 6 =
Ineneaasuazinalulal
WAITN@A (8IN%.)

o A o o o o a e

2551 ﬂ'ﬁW@&l%’]Il]‘iLLﬂ'i&lﬂa&lW'JL@]E]%‘LWE]?]’JUQN mum'mnamuauumgumﬁﬁm (’n1.)
o 1 ol a a ] s d o
TZUUﬂ’]iM\‘i‘iJG']‘I;}%'] PNBLNUNRINRALLRS UNY U.“Zgﬂ RAUTTUIRET 10

Qmmwﬂmgﬁwm:ﬂaa

v a dl o as [ %]
2552-2554 msweumiﬂmnmmuwama*ﬁwamuqu EUNIUNDINUEULFYRY

A ' :1 n' o o s 1 Qv
miazmmmzmimﬂammtwamwawam n13338 (’FN7.) 34Ny

' 3 A d o o
Lm:qmmwﬂmgmns:ﬂm u.ﬂu@ LT TULUET I1NG

o.la HRITW
aw 2 ¢
HRIIWBIVINIREAINNAITIA

MRS BN BEIRTTAT ARNWLHEUNT (SEAUAUAzIWIZN )

n Ponéhaloeampong, P., Narkrugsa, W., O.BalAban M., Prinyawiwatkul, W. 2005.  Effect of Processing
Conditions on Yield and Color of Albacore Tuna. In: Proceedings of the Y International Conference o'ih
Innovations in Food Processing Technology and Engineering.

¥ Ponchaloeampong, P., Narkrugsa, W., O.BalAban M., Prinyawiwatkul, W. 2005. Effect of Processing
Conditions on Yield and Color of Albacore Tuna. Journal Food and Beverage Asia

¥ Pornchaloempong, P., Balaban, M. O., Chau, K.V. 2001. Thermal Processing Optimization of Quality
Retention in a Conical Shape. In: "Proceedings of the 8th International Congress on Engineering and
Food". J. Welti-Chanes, G.V. Barbosa-Canovas and J.M. Aguilera, Eds. Technomic Publishing Co.,
Lancaster, PA. p: 676-681.

®  Pornchaloempong, P., Balaban, M. O., Chau, K.V. 2001. Simulation of Conduction Heating in Conical
Shapes. In : "Proceedings of the 8th International Congress on Engineering and Food". J. Welti-Chanes,

G.V. Barbosa-Canovas and J.M. Aguilera, Eds. Technomic Publishing Co., Lancaster, PA, p: 671-675.

57



™ Pornchaloempong, P., Narkrugsa, W., Chrdareekit K., Piyaaphantawong K., and Peerajit S. 2002,
Proceeding of the International Conference on Innovations in Food Processing Technology and
Engineering.

®  Porchaloempong, P., Balaban, M.O., Chau, K.V., and Teixeira, A.A. 2003. Optimization of quality retention
in conduction-heating foods of conical shape. Journal of food process engineering. Vol25 (6) 557-570,.

®  Porchaloempong, P., Balaban, M.O., Chau, K.\V., and Teixeira, A.A. 2003. Numerical simulation of
conduction heaing in conically shaped bodies. Journal of food process engineering. Vol25 (6),539-555.

as an ¢ A ¢ & a a [ an

" huuuw ﬂiﬁ&l%ﬁm WHNLWZY wsmauwa@f wae gl sauni'ns 2537 , RUUANNMENATNLRS
Amnvesiiing dwinfindandanyanemaas qaa. 121 wih
a < [ A s °

 Auiiy wetadawsd iy s vanasssu wuRialanm  war 135ad nen 2544 qﬂnszﬁ

i w ] i w w
LLﬂﬂLﬂﬂU%ﬂ?ﬁ&liﬂuLLUULLNHI%QG]M%HSSNB']W]‘E MIRTAINNT ‘id.h’l 31 aUun 1 B 85 ~ 93.
a o A ¢ & a a 2 a
¥ gl IeUNENT LAY WHNLNTY wsmauwaﬁf 2545. msaammmm:wmmmiaam@wsn‘lm NIIRT
a . 4 w d v
suaNimnssuinsasuisseindlne U0 8 avun 1 wih o3
a & & A o A a [ a a ¢ a ¢ v el e  as a
. WHNLWIY wsmauww’f AN I@lﬂi:LEﬁjW\‘lﬂ AUUNT ’JIﬁlW’JT]‘L&SﬂE EITI'QS W%ﬁwl&lﬁ U8z IUTY Zf'm‘ﬁ
1 o A [} J | (=3 L3 A L A
1‘1;1«!, 2545 IﬂiLLﬂi&lﬂﬂ&lW’JLG]?J‘S{LWBVHL’m’lluﬂ’]i‘&l’lL‘ﬁﬂﬂ’]%’ﬁﬂizﬂa\‘] AAINTIURITRIANTZUN TJYI 19 &4UUT
2
a o ¢ & a o an a ¢ ad o

n &I‘gi@ﬂ "ﬂI‘uﬁﬁ WHNLNTY WiL%ﬁNW\‘lFfLLﬂS HINNI ‘Wﬁtl']gﬂ 2545 Iﬂmnmaaummaﬂwammmmiz
v o Qs s =3 A v - v A
doadudmsuiuanus Wludsemalng nssyinenmaasineas U0 33, wih 149 -147 aduf 4-5
ningiad - @Ja"lﬂ&l 2545

¥ Sirisomboon, P., Boonmung, S., Pornchaloempong P., and Pithuncharurnlap, M. A Preliminary Study on
Classification of Mango Maturity by Compression Test. International Journal of Food Properties, 11: 206-
212 (2008)

® P. Sirisomboon, P. Pornchaloempong. Instrumental textural properties of mango (cv Nam Doc mai) at

commercial harvesting time. International Journal of Food Properties, 14, 441-449 (2011).

ﬂ’lil,ﬂ%aﬂa\‘l’lua‘?i’m'li .
“  aa 6 ' Lo a a ¢ & a G a @ &
u ﬂﬁu&luﬁ ﬂia&lHim ‘ﬁﬂim SNIWﬁﬂnﬂ LLQ:WNWLWQJ W‘SL%EINWGG{ 2545 Lﬂiﬂﬂﬂﬂuﬂnn'ﬂ“aaﬂﬁna@
) a o -I ] ° " o o ! ) i G
n’ﬁﬂi:'g&n’ﬁ‘m’ﬁ?ﬂ?ﬂii&lmﬂﬁlitm\‘lﬂi:mﬂvlﬂEl ﬂi:ﬁ]’]ﬂ 2545 Un 23-24 WL NN 2545 RINIA
Vel
a o o an o a & a a &£ a a '
B i afsTiTe TUN ﬂiiﬂ%q’)ﬁm ‘w&lwmty wsma&m\‘lﬁf LBARANTD @AIDITN Iﬂﬂm‘i&lﬂa&IW’Jmai

ﬁm%‘umsnmmuqmmwmaﬂsxmné’wﬁaiﬂﬂ%%nﬁmaaumqmmnem m‘sﬂizaguﬁmnﬁwfmnﬁumq

58





