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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 (18 Matrix, Bruker, Germany) (12,500-3,600 cmor 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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NOUNINITIUATICHADININITATIVADUATUDNNAN (Outlier) Gllﬂﬂéll’e)u”aﬁﬁﬂ1uu1@ﬂi“ﬁﬁumﬁﬂﬂﬂ@l’lﬂu

X -X
_>3
SD

Tagh X fie MaamiiunianinIdsmanil X Ao Aundovesdamiu taz SD Ao Andeuuniiasgiutaziih

9

v Y
doyavosa)nasui lauas1vdeuAIMeONINGUAI8IT Principle Component Analysis (PCA) MINiUd0ya

(43

Y

NanuAaUUTIaenNUF LT se IS naEamiuveslarnauny Optical datalae3sn1g
Chemometric H1J1Partial least square regression Tﬂauﬁqsﬁ’aymﬂuﬁmwﬁa 15@1ﬁ%’mmuﬁmmuawﬂﬁqﬂﬁ
nuuiaeslaslionsiaudoya 8:2 %’auﬁamﬂnw%mﬁ"lﬁ’mmﬁm FT-NIR spectrometer (Matrix, Bruker,
Germany) 1A312% 18 11/516n 31 OPUS 7.0 (Bruker, Germany) Tavimssamsalnadiniiosdi 1o % 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
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9 v
subtraction, first derivative+ SNV Wag first derivative+MSC %30 14einasuauan drudoyaanlnasuilanin
4 4 a o
1A59IMICRO NIR (JDSU, USA) HAZIAT DY FQA NIR GUN (Fantec, Japan) Un5124 Iaa 11)51n53 Unscrambler
= o [ &} Y axy . . .
9.8 (Camo, Norway) Tagiimsamsalnasudosau 1ae7s 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 4t8& standard normal variate+de-trending N3 AALADNLULTIADINA
ﬁqmzﬁmi 2191NA1 Coefficient of determination (Rz) ﬁq&ﬁq f Root mean squares error of prediction (RMSEP)

%30 Root mean square error of prediction (RMSEP) L@ Bias M qa
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UNN 4

Han15308

4.1 wamsnaaandumsliulyaisms

nnmsasiaanlnasuvesdamliuuigns wund peak Aarufiunay 3942, 4304 uag 5909
a0, (2537, 2323 1ae 1692 w1 Tuwas) (M 4.1) 1inmsasrviaanasudae

anlnlasfimednianaieddne FT-NIR spectrometer (MPA, Bruker, Germany) v941anufiusd
(Intact fish) Ua s ae1fa0en (fillet) taziiomduazon (Chopped meat) WU peak IAuFARAT
Lﬁﬂlﬂéu 10191 uag 8347, 8447 1ar8216 LAy 6927 a3, (981, 1198, 1184, 1217, 1444 IHIL!!JJGI'H’)
AWEIAD (MW 4.2)

MnmsasIviamnafuueunies MICRO NIR (JDSU, USA) vealaiwdinaieqding1n wus
peak IauFAIRAAIIIEIAGY 1284 uaz 1595; liinD peak; 1292 1@z 1646; 1z 1578 w1 Tumas AdIRD
(gﬂ‘ﬁ 4.3) taznmIasniamlnaduuenie FQA NIR GUN (Fantec, Japan) Uo4Ua1%ian19e)
§IN17 WU peak AUFARANNLEIAAL 991; 969; 1Az 993 W1 TumAT AWEINY (NINT 4.4) 1Tlpa91n
ﬂmﬁﬂ?mmﬁmmﬁqﬂimg peak Vi 969, 981, 991, 993 uaz 1444 wTuwas Taailu peak fud
91N 970 LAy 1450 uﬂumméuﬂums@@%mm O-H str. Second overtone ita¢ O-H str. First overtone
(Osborne et al., 1993) peak ﬁleET‘Uﬁ)”Iﬂ 1160 W1 11UAT (8621 ‘ﬁ)’iJ_l) ﬁﬂumig}ﬂcﬁmm C=0 stretch 4"
overtone Amino acid (FudIuniuesTisAn) az peak AVELIN 1170 W Tuwas (8547 asu™) WHums
AAYUUBY HC=CH (gﬂﬁ 4.2) (Shenk et al., 1986)

naMad 1 doyanadfvesmdamiiuvestamniau Tasutailu 2 ngu fie Calibration set
1182 Prediction set c'f'imﬁﬂwﬁfm 0.120-8.020 ppm A15199 2 HUUF1ABIPLS ﬁﬁﬁqﬂﬁm%mﬁﬂ%mﬁu
vosmmsaudieniesanTasfmesuumenuimuusaedumsineSnadamiuiaige
1@ nieses MICRO NIRIulaudind (ntact fish) Tdumnmsiannaninaudie?s Smoothing (19
points) + 2" derivative (11 point) TaeiiA1 Coefficient of determination (Rz), Standard error of prediction
(SEP) tiaz Bias A9 0.364, 1.247 uag -0.290 gua1e1l 1asdl PLS factor (M1AU 161l rhesueanen
(fillet) lamnanmsnamailnaiud1e35Smoothing (19 points) + Baseline offset lagdiA1 R’, SEP g
Bias A9 0.601, 0.990 LA -0.008 WA 1A PLS factor WAL 14 Tuiedaduazison (Chopped
meat) JAN19INMINAIU A1 NATUAI8TT Smoothing (19 points) + Baseline offset IasTiA1liaA1 R, SEP uag

Bias 19 0.481, 1.245 t1ag -0.042 auaau Taell PLS factor 9101 17 uagluiier)arduriuuia (Chopped
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meat with glass) Tamnamsanna)nasudieds Smoothing (19 points) + Multiplicative Scatter
Correction 1ag3iA11A1 R’, SEP uag Bias A0 0.459, 1.158 taz 0.140 mud1au Iaell PLS factor 191101 12
= < 1 ,i’ ] F) FY aaA 1 o ~ 9 A 9
Foozmunmiaunwieolairasueinieen lawaanga uauuuaeeiildled PLS factor NRout1aga
T 1 g’/ o a A o [
ey Williams (2010) 32y1A1 R® 521219 0.50-0.64 Huamnsadunaiadiesoursusa ll1ddmsums
H1NNQUPEINHE  (Rough  screening) 64 lidnsnii llldszymmselumsaiuaunszuaumslu
[ <3 { g < 1 I { 1Y) =y a o
Tsaauldesndlsnd  anman ldxslddundanuwiuldldnee S maganivuludaransauIag s
a & 1Y o an 1 A o ' A a a A
matiall uadeInsmMsdsul§aIsmamy narlumsaunuuaziuydredlanilSnagamiun

v X
NINIU

4 4304 3942

3.5

3

2.5

2

Absorbance

1.5

. 5909

pure histamine

0.5 |

0 T T T T T T T T 1
12500 11500 10500 9500 8500 7500 6500 5500 4500 3500

Wavenumber cm-?

d' 3 a S a tgd' 1 4 -
AN 4.1 alnasuueg 8@'@1%1!“5?;{7]‘[11/]%3\1&51"1]?1514 12500 — 3600 cm '
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3 -
8347
25 |
D
e , | Fillet
©
o)
| -
O 15 | 8447 Chopped meat
3 10267
<
1 L
8216
0.5 Intact Fish
0 T T T T T T T 1
12000 11000 10000 9000 8000 7000 6000 5000
Wavenumber cm

d' [ -d' 3’; @ g g [ dl 9 d‘
NN 4.2 gilnasumasvesdaniad iledawaziledardunaunuaiansed FT-NIR spectrometer

0.5
0.4 - 1284
@
o 03 -
c 1595
©
3]
boss Intact
T %] 1292
o 1646
. _,-———-—-\‘\\\\\____________,.-—————-—-—-—-.___ Minced meat with glass
Minced meat | 1578 ‘\\\5\“‘-\\_-.._____—
Fillet ‘\\‘\\\::::_______-————————-————~ —
0.0

1200 1300 1400 1500 1600 1700 1800 1900 2000

Wavelength (nm)

d' [ -d' g’.l @ :ﬁ’ c&‘ [ :ﬁ’ [ ] Y
NN 4.3 ardnasumasvesanead welan ielarduuaziiedarduriuun

NALAUAATDI MICRO NIR
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1.8
1.6
1.4
1.2
1.0
0.8
0.6

Absorbance

0.4
0.2
0.0

Wavelength (nm)

| 991
Intact fish
] Chopped meat
T Fillet
600 650 700 750 800 850 900 950 1000 1050 11

00

d' [ d‘ g’/ @ :&‘ c&‘ [ d' 9 d’
MNN 4.4 alnasumasvesdanigd edaazilodardunaunualensed FQA NIR GUN

{ aa 1A o ) o a < o
miNﬁ 4.1 elgl}f]y'ﬁﬂWQﬁﬂ@]"llﬁNﬂ'lﬁﬁﬁ']ﬁuellf)\‘]‘l]a']GI)"Ii?’]uﬁ'ﬁ’i"i‘Uﬂqfﬂﬂ’lﬁl‘Uﬁ“lfu!mz“]qfﬂﬂ’]u’lﬂ

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 1.77 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 l1.61
Fillet 152 2.80 8.02 0.12 1.78 36 2.74 591 0.27 1.57

MICRO NIR

Minced meat 157 2.71 8.02 0.12 1.78 39 2.82 7.61 0.25 1.73
M;;}%gdggl::t 160 | 278 | 802 | 012 | 178 | 38 | 274 | 595 | 025 | 1.59
Intact 161 2.81 8.02 0.12 1.78 38 2.74 595 0.25 1.58
FQA NIR GUN Fillet 160 2.78 8.02 0.12 1.78 38 2.72 595 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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A o As A ) [ v Aa = IS Y A a 4 1
AT NN 4.2 11UV PLS ﬂﬂﬂ@fﬂmﬁﬁumim‘e’lﬁmuuﬂlmﬂmmmummmam&ﬂﬂimumaﬁu‘uumm

Calibration set

Prediction set

Spectrometer
Sample Pre treatment PC
F R SEC/ SEP/
(Frequency Range) R Bias R’ 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) + P
Intact Fish derivative 16 0.471 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 0.014 1.576 -0.004
meat Correction
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y = 0.2738x + 2.0513
+ R? = 0.303

arnnunelaann FT-NIR

0 T T T
0 1 2 3

T
4
i o

= o a
ATTEAATIHUNIAVIY

AN 4.5 A3 LEAIANYFNITLT IMIINeMFaaiiudeinTed FT-NIR spectrometer

"y
’
T s
=
‘o)
o 4
0] +
= g ¢
€ 37 y = 0.7324x + 0.7243
se R2 = 0.601
- 2
>
=
o(_
'E§ : + e
_(_
& ©
0 T T T T T T 1
0 1 2 3 4 5 [ 7
ANFAAITIUNINAI

AN 4.6 nuaaInUANIUS luMTIemaaaIiuale1a309 MICRO NIR
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FOA NIR GUN

| = e y=0.132x + 2.4031
= RZ = 0.171
= ¢
e
=
1 -
= *
=
=
=
&
0 T T T T T T 1
0 1 2 3 4 5 B 7
ANFAANIUNINDSQ

MR 4.7 A5UEAIRNYFNITLT lMIINeMFaaliudI81nT09 FQA NIR GUN

4.2 wamsnaaearasnmsisulsisms
a 4 [ 1 % ] g}/ a 3 @ [ v
lumsInsizianlnasumasveadiedaiana 3 ¥iiafe Yaufiugd (ntact fish) Yaasaorieesn
F H 1
(fillet) !Lﬂ%lﬁ@ﬂa1ﬂﬂ (Minced meat) 1 wavenumber 554319 12500-3600 Cm-1 (800-2778 nm) ﬂl@ﬂlﬂ%@\‘] FT-NIR
] ' Y
spectrometer (Matrix, Bruker, germany ) MW 4.8 Wm”lmafmﬂmﬁmsaﬂﬂﬁmﬁuuawmmamqm 3 YUA
A -1 2 g = A o 2 g
N¥I wave number 6920 A 5230 cm (1445 (ay 1912 nm) B9l unaNg peak NUYVIIN 1450 nm F93luns
3 g 4
FUaoUVed O-H str. First overtone (Osborne et al., 1993) 4az21n 1923 nm Fuilumsduaziionves O-H
assigned to molecular water [O-H stretching and HOH deformation combination] (Workman and Weyer, 2008) 92

[~ J @ i - X 4 1 a
muduanlneiuvestlamiasuernisesn (fillet) waziiiolaa (Minced meat) awysel lifia Over-

absorption 119599 8000-5500 cm” 1M IBUA NI TGI8 MPA FT-NIR spectrometer (Bruker, Germany)
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[}
«— 5230
(1912 nm)

+«— (6920
(1445 nm)

Absorbance
‘d =

11500 10500 9500 8500 7500 6500 5500 4500
Wavenumber, cm!
—Intact —Fillet Minced meat
ANA 4.8 Al naSuUeaa1061912194 3 ¥ila A wavenumber 11,500-4,500 cm

VYBUATBY FT-NIR spectrometer (Matrix, Bruker, Germany)

a 4 (% { @ ] i’ { ]
Tumsuasizvadnasumasvesning1ada Intact fish, fillet, Minced meat tazidotaiuanaunumiu
FY . . { ! 4 {
1177 (Minced meat with glass) 7l wavelength 551319 1150-2150 nm Y044A389 MICRO NIR (JDSU, USA) MW
' 1] [ =\ A A I Y A o 1
4.9 wuNludied11)al Intact InsganaunauuaULOUNINGN wavelength 1432 1 1860 nm 1UAIDE
. 4 { "o { I { o
a1 Minced meat Hinmsganaunauudsn liFanun wavelength 1410 1oz 1945 nm Iaeiilu peak NVFVIN
2 g v 4 " L _
1450 uaz 1940 nm FUVuMsgasuauYe Fuilumsduazinouyesd O-H str. First overtone 1azO-H
stretch + O-H deformation (Osborne et al., 1993)11#10819 Minced meat with glass Hinsganaunaauudei 1
v 9 Y v
FAuf wavelength 1395 1ag 1920 nm aziiotarvansaeslda/nasuiitna Over-absorption ¥&491A 1400
[ )
nm yaz Tugediailar ai Fillet anilnasuoglugrandagina Over-absorption AAOATIFI
a 4 o ~ o ] 3’, a { [
lumsinsigralnasumaeveinies19a1ns 3 ¥Hiafe Intact fish, uag fillet f wavelength 511319

600-1100 nm @28AT89 FQA NIR GUN (Fantec, Japan) M 4.10 wunludiediadan Intact Hannasui

]
S A £

J 1w ] a 4 4 { I
ﬁnyjmﬂmmamwuﬂﬁu ﬁﬂ?iﬂﬂﬂﬁuﬂﬁuuﬁﬂﬁ wavelength 620, 738 LA 967 nm IﬂEJL‘]JuWﬂ‘V]“'IJEJ‘]Jﬁ]"Iﬂ 760
£ o A =S < A .
tag 970 uﬂummcmﬂuﬂm;]mmﬂawummwﬂumiauaxmaumm O-H str. Third overtone oy O-H str.

Second overtone (Osborne et al., 1993) Tudae8191)a1 Fillet Imsganauaauuadil wavelength 742 118 975 nm
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oz ludr06191/a1 Minced meat IMsganauAAUIAIN wavelength 614 1182 963 nm NANWEIAAUNAIND

< A A A < Y =
700 nm nJums@ﬂﬂauﬂaumamﬁmummu"lﬂ (T;T)

0.6
0.5 1
e 0.4 -
w0
g ) ;
@ 03 % |
b |
=
- 0.2 .
=4 & o
0.1 T 8
=i _‘--\_l —
U T T T T T T T 1
1200 1300 1400 1500 1600 1700 1800 1900 2000
Wavelength (nm)
Intact —Fillet —Minced meat —Minced meat with glass

M 4.9 glnasuvesdied1ada1na 3 vila 7l wavelength 1,150-2,150 nm U994ATOY MICRO NIR spectrometer

(=]
2
4
0.8
0.6
s -
3 04 - E g
2 ‘ ‘
o= 02 4 “
- g
2 g
—: {) T T LH-_“!\-\_\__-_I’F/ 1
< 6( 650 700 100 0 1100
-0.2
-0.4
Wavelength (nm)
0.6 -
Intact —Fillet —Mince meat

M 4.10 adpasuveealo1alla1na 3 wia N1 wavelength 600-1100 nm UBLATOI FQA NIR GUN

spectrometer
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1 aa = a = @ 1 =) 1 a a & . . A 9
mmqaammﬂimmaﬁmmummm’mfmﬂmcmsﬂmmawuﬂiuﬂ;ﬂmamwu (Calibration set) Nl

afnaumsiueuazyanadol (Prediction set) 1o 193t Partial Least Square Regression 9100150329

v

I

= a a, [ $ X o 1 [ Y] 4
UFuaaaTuaunisuITued 159911 LAAIAIAIT 19N 4.3 FIHANITASNAUNTIIUIAIANUTURUT T

= 1Y d' é o [ v 9 d' . = ?,‘, o ] d'd =
FIYATIDYAAINITINN 4.4 HIF1TUNITIANVYATON Matrix FT-NIR spectrometer lJ“VIQG]qSﬂ@]”J@EJNVIlIUliJiJﬂﬁ

[

A9 outlier LALUNITAIIA outlier 1UAIBE19UAININ 25 (40 hr) 31 (30 hr) 35 (30 hr) 91 (10 hr) 94 (20 hr) LA

95 (20 hr) 890

~ 1 Aaa a =\ . Aq Y Y o o o axy
AT NN 4.3 mmmaﬁﬁumlﬁ'mmaﬁﬁmuﬁluﬂmmiﬂuﬂ‘m‘iwﬁnmimmﬂﬁmﬂ‘iuﬂgﬂa‘ﬁmi

Calibration set

Prediction set

Spectrometer Sample
N Mean Max | Min | SD | N | Mean | Max | Min | SD
Intact 133 | 23.786 | 188.2 | -1.45 | 37.7 | 28 | 20.7 103 | -1.1 | 29.69
Intact (outlier
deleted) 119 | 17.368 103 | -1.45|253 |28 | 20.7 103 | -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 | 18.7 103 | -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 | 23364 | 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 | -1.45 | 355 |57 | 229 | 188.2 | -1.3 | 36.9
NIR GUN Fillet 234 | 21.958 | 188.2 | -1.45 | 34.1 | 58 | 23.7 153 | -1.3 ] 36.73
Minced meat 233 | 22.593 | 188.2 | -1.45 | 354 | 58 | 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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A o A A o [ v A = =) % 1 g‘/ a 9 A a I'4 [
137197 4.4 1UUI1aDY PLS “Vlﬂ‘ﬂijﬂ?ﬂﬂ‘i‘ﬂﬂﬁ’m8?(?5]11J°LJ"’IIﬂﬂﬂﬁW“ﬁWiﬂuiuﬁ’J@ﬂNﬂﬁTﬂﬂ 3 Gﬁuﬂﬂ’)ﬁllﬂiﬁ]\iﬁlﬂﬂIﬁ‘imWﬂiLmUﬂNﬂ

Wavelength/ Calibration set Prediction set
Spectrometer PC/
® R ) Sample Wavenumber Range Pre-processing Rank , SEC/ . SEP/
requency Range ( ") an R Bias R Bias
i, em RMSEE RMSEP
9404-7499 Cmrl, SNV 7 0.429 29.400 - 0.823 12.300 1.020
Intact
5454-4598 cm’'
9404-7499 Cm-l, SNV 7 0.593 16.700 - 0.696 16.100 5.950
Intact (outlier deleted)
5454-4599 cm'
Matrix spectrometer Fill 9404-5447 Cmrl, No spectral data preprocessing 6 0411 30.000 - 0.565 17.500 -1.240
1llet
. 4606-4243 cm’”"
(12500-3600 cm )
Fillet (outlier deleted) 9404-5447 cm”’, No spectral data preprocessing 3 0.308 24.400 - 0.452 19.700 2.160
illet (outlier delete
4606-4244 cm’”'
Minced meat 6102-5447 cm’' First derivative (17 Pts) 3 0.426 28.800 - 0.300 25.500 -1.110
Minced meat (outlier deleted) 6102-5448 cm’' First derivative (17 Pts) 3 0.556 17.900 - 0.370 24.200 3.240
De-trending 8 0.570 23.750 -1.69E-05 0.467 27.485 -8.231
Intact 1255-2060 nm Raw spectrum 13 0.609 22.582 -2.33E-05 0.307 30.069 -7.622
SNV+ De-trending 10 0.609 22.640 2.23E-06 0.253 30.727 -9.587
SM 11 points+Normalize Range 8 0.354 28.994 2.22E-05 0.389 30.764 -1.612
Fillet 1181-2030 nm
MICRO NIR SM 11 poinst+ 2nd Derivative 5 points 6 0.358 28.908 -4.23E-06 0.318 30.289 -4.204
(1150-2150 nm)
SM 5 points+2nd Derivative 11 points 7 0.409 27.726 7.76E-08 0.470 27.209 1.094
Minced meat 1159-2053 nm
SM 5 point+ Normalize Max 5 0.340 29.280 4.41E-06 0.376 29.516 -0.682
SM 5 points+2nd Derivative 11 points 7 0.489 27.726 7.76E-08 0.470 27.209 1.094
Minced meat with glass 1158-2053 nm
SM 5 points 19 0.608 22.590 -0.0002 0.136 33.954 -3.433
1st Derivative 5 points 5 0.484 25511 6.41E-07 0.592 23.120 -4.511
Intact 608-1068 nm
2nd Derivative 11 points 12 0.558 23.619 6.65E-07 0.357 29.009 -5.816
FQA NIR GUN Baseline offset 10 0578 22.178 -1.07E-06 0475 26.545 -1.790
(600-1100 nm) Fillet 608-1069 nm Normalize Range 10 0.581 22.083 1.20E-05 0.500 25.956 -1.166
2nd Derivative 11 points 5 0.581 22.102 8.38E-07 0.350 29.573 -1.397
Minced meat 608-1070 nm SNV 7 0.515 24.626 3.99E-06 0.311 33.321 2.333
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UYL : Rank= PLS factor, SM= Smoothing, SNV= Vector normalization, R’= Coefficient of determination, , SEC= Standard error of Calibration, RMSEE=Root mean

square error of estimation, Bias= average error, SEP= Standard error of prediction, RMSEP= Root mean square error of prediction
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4.2.1 wamsadaumsimedsnadamiuvesdied191al Intact NiaTaeAT09 FT-NIR  spectrometer
(Matrix, Bruker, Germany) Nf19a@19819/a1/n@ALa7
A Y 3 ' A . Ao Ao '
NMTNN 4.4 uaad 1H1HUIUATES FT-NIR spectrometer (Matrix, Bruker, Germany) nanaediadan
Ao v W ] a a 9 9 o Ao A =\ [ % dy 9
Intact NTMIAA0819HAUNALEY THnpudaesnanga Tasinsdanisanlnaiuiiesauuuy SNV (Standard
. . d‘ o 2 a =) =~ [ J d' [ 9 an
vector normalization) azA i 4.11  uaasnan1suiedSuudamivdSeuieunuainiala lae3s
4 v
WATgIUYed 1530 Uamduilseansmadaauly (coefficient of determination; R*) YoIANIAIITHU 111N
0.593, A151NNTOIVOIANUHANAIANAINAAIT09UDIN1TUTLUIUA (root mean squared error  of

estimation; RMSEE) N 16.7

Fit vs True |/ Histamine [ppm] [/ Calibration

100

50
50 Q} $LO
&

L 2

40 Py

P

20

-20 i
00 M0 20 30 40 50 &0 70 80 90 100 110

Rank: ¥ R®==5933 RMSEE = 16.7 RPD: 1.57
Intact(Cutlier) Intact.qg?

1 =Y a { o A Ia 4 :
Mun 411 msufFeuieudSadamiuniinelasisitiesounsusaann InsaInildre1a509 Matrix

spectrometer 114617981391a1 Intact YDIFAMAVIFY AVAITADINITUINTFIUVDL 159U
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PN 44 wazn il 412 ugamamsineliuadamiunFeniousuiiialdlaeis
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waz sandusziemaudsuuunasg et vesainedemdusuuunasguve

ﬁﬂwmmmﬂgﬂﬁmw (Residual prediction deviation, RPD) 101 1.95
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msmueamdsain TuiueuAeINUNY Regression coefficient gﬂﬁ 4.14 u@a9A1 X-loading weight V03
aumsiBuadamiiuludied1ear Intact F93 3 factor (rank) FMTUMTTIMIEHE G115 factor 1 NUTAASN

uaNuAIAYA0aNNIAINTUN wavenumber 11101 5223 cm ' (1915 nm) factor 2 11 wavenumber 11111 8301,
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7737, 5292 1z 5115 cm ' (1205, 1292, 1890 1@ 1955 nm) a2 factor 3 N1 wavenumber 110U 8301, 7552,
5107, 5015, 4891 uae 4695 cm ' (1205, 1324, 1958, 1994, 2045 112 2130 nm)

A15199 4.5 LAAINMSAUFLNOUYDINUTLNAVAAUNTOANNIAAUNTAT Regression coefficient LAY
X-loading weight Nigavesaumslsinadaaiiuluaiodieilal ntact Ndafod19NAalnAoanual Tasaunu
#181AT949 FT-NIR spectrometer (Matrix, Bruker, Germany) 3¢&@UnafiuIInIsauasiiouvaawuszve
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317 4.13 Regression coefficient plot vadaumMstsuadamiuludiediailal intact NAaAIE19

AranAeenudd Tasainual8iAI0d FT-NIR spectrometer (Matrix, Bruker, Germany)
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319 4.14 X-loading weight plot YvoIaumstSuaaaniulualediilal Intact NAaAIE13

ratnAeenudd TasatnuAleinI0d FT-NIR spectrometer (Matrix, Bruker, Germany)

A9 4.5MITUALNOUVDINUTLNAVAAUNIBANNEIAAUNNAT Regression coefficient 1A X-loading
. ~ a =\ % ] Ao o [] AAa a 9 9 A
weight g9 vosduMsUadaaiiuludodeilal Intact NAadIvgNAAUNADONIAY TAgAINUAIIATON

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
(nm)

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

33




Wavenumber | Wavelength | Wavelength Bond vibration Structure | Source (Fig.4.13
(em™) (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,O 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 11 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 assignment indicated

in both references. The row in bold letters indicated the highest peak in the corresponding plot.
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pyusiaeslumsiuedamiualenIes FT-NIR spectrometer (Matrix, Bruker, Germany) 1g3afi@10814
1 o [ ¥ 1 I
Ua1 Intact 1inadnga Taelinsdanmsannasuiiosduiun SNV (Standard vector normalization) 0619 150@1)
4 1 v
maulszansnmsaadule (coefficient of determination; R’) (M1 0.696, A151NNA0IYBIANNAANAIAR ALY
o w [ .. a 4 1w
MANADIVDINITNIUIY (root mean squared error of prediction; RMSEP) Tﬂﬂmiwqﬁ]umauaﬂ MNY 16.1,
AUAANAIAMAY (bias) IMINT 5.95 UAZ BATIAIUILHINMAIULOUVULIATTIUVDIAIDNDIVBIEATIUIY
AR IUTIUVUNINTFIUYDIANNHANAIAYDIFAN U (Residual prediction deviation, RPD) 11101 1.95
1 2 1 kS o I Yo o 1 ] o P ao A
AA1 R® 35199 0.66-0.81 HupuTaeald ldnumsinea Tasdszana Tiansarhunldlunmsisense
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A Pl ] & o
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4 4 v a A [ o
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Twsaln® Treesoe Teaninefvesdrei e miliu Araefes MICRO NR Spectrometer $29aapmiafiy 1150-2150
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Abstract

Objective of this reseach was o evaluste the histamine n =rdine by meassng spectm of srdine ssmples using
MICRO HIR spedirometer {1150-Z150 ). The: 1409 frech, sardine feh (sooinell Iongicers) Som China wene subjedied o the
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minced meat and minoesd meat with gass. The best model wes developed after spects prebreatment of Smoothing (5
puhﬁh[ﬂhﬂhcﬂﬁdﬂyidﬂpﬁﬂrﬂﬂqpmﬂedhmmeﬁ&ﬂddﬂuﬁrdmmﬂaﬁadﬁmd
Preiiction (35} and bizs of 0470, 27208 ppm and 110949 ppm, respectivety with T PLS factors. The R betwesn 026049
ndicated that the comelation bebwsen oplical data and the refesence valuess of histamine wes not good. This might be
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Table 1 Siatislic of histarmine content (ppm) in sardine of oibation s=f and prediction =L

Calitration ==t Prechiction sei
Sarmple
M Flean B kir =0 1] Mean [RLE. ki 50
Intact 73 23564 18R 150 -1.450 36207 57 2 ERG 188,190 -1 250 ITIETE
Fillet 25 23104 18R 190 -1.450 360TS LR 2005 1597 1350 379
Minoed rmeat FR 7454 18E150 -1.450 36,052 LR 2.305 154.9Th -1 250 IT3Em
Minoed rmeat
M 23085 18R 1590 -1.450 36112 LR 2653 153010 -1250 T
wilth gl

Famark: K= Murmber of scarmed spedi, Mean= Avesee, Mace Massrmoen, Min= Miniemoem, S0= Stancdard desvialtion.

Table 2 Resull of FLS modelirs for hefamine in sndine.
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[e-tresnding B 0570 i iy -1 69 =05 oAasT IT4a85 231
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